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INTRODUCTION 


OUTLINES OF THE SEROLOGICAL STUDY OF PLANT AGGLUTININS 


For some 70 years plants have been known to contain 
substances that are capable of clumping or agglutinating 
homogeneously suspended animal cells. The best known general 
term for these substances is probably plant agglutinins or 
phytagglutinins though the designation lectins is known, too (27). 

Plant agglutinins were discovered by Stillmark (139) in 1888. 
Studying ricin, a poisonous substance refined from the seeds of 
Ricinus communis (Euphorbiaceae), he noticed that it aggluti- 
nated the red cells of some animals. These experiments were 
continued under the direction of Kobert, and agglutinins were 
thus found in the seeds of other plants, too. Such plants were 
Croton Tiglium and Abrus precatorius (66, 67). 

. All the above extracts were poisonous. For this reason the 
hemagglutinating power of these substances was first regarded 
as a manifestation of the toxin, it was even suggested that the 
hemagglutinating power alone accounts for the toxicity. Pro- 
longed differences of opinion existed on the question whether 
the toxin and the agglutinin were identical until at least a 
partial separation of the two was achieved (109) and non-toxic 
plant agglutinins were found (89). 

Ricin and abrin (from Abrus precatorius) were found to be 
good antigens by Ehrlich in 1891 (38). He immunised white 
mice by feeding them increasing doses of these substances and 
noticed that immunised mice tolerated e.g. ricin in subcutaneous 
injections over 200 times as much as control mice. Bacterial 
toxins and their antitoxins had been discovered at about the 
same time. Plant agglutinins were now found to be excellent 
model antigens in the solution of immunological problems. 
They were much easier to prepare in great quantities than 
bacterial antigens. They were also much more stable and, what 
is most important, being both antigens and agglutinins they 
produced antibodies which lent themselves to study in the 
test tube. 


Several important problems of immunology were solved 
with the aid of plant agglutinins at the shift of the century. 
Thus, in 1897, Ehrlich (39) carried out the first quantitative 
determination of an antibody in vitro by studying the inhibition 
of ricin agglutination caused by the immune serum. This was 
possible because the amounts of toxin and agglutinin neutralised 
by two quantities of antiricin are proportional, by and large. 

The first local immunisation was performed by means of 
abrin in 1901. Rémer (126) applied this substance to the conjunc- 
tiva of rabbits. When he dropped this substance onto one 
conjunctiva only, immunity developed in that conjunctiva 
but not in the other. 

Also the so called Danysz’s phenomenon, i.e. that a given 
quantity of an antibody neutralises less toxin if the latter is 
added gradually during 24 hours than if it were added at once, 
was originally demonstrated by means of the ricin-antiricin 
system (33). 

One of Landsteiner’s (87) first tests concerning the reversi- 
bility of the antigen-antibody reaction was done by means of 
red cells that had been agglutinated by abrin. After the cells 
had been washed, they were placed in an incubator at 50° 
suspended in saline solution. After the removal of the cells from 
this solution it agglutinated strongly. 

Gradually, however, the preparation and study of bacterial 
antigens became more efficient thus making it possible to 
dispense with model antigens. With the coming of the twenties 
the attention paid to plant agglutinins was on the decrease, 
and Ford’s (49) statement made in 1913 that «interest in the 
study of this group of poisons is constantly increasing, however, 
and the next few years are likely to see more complete and 
elaborate investigations and results of the most far-reaching 
importance» did not prove exactly correct. | 

Stillmark (139) already observed that ricin agglutinated the 
red cells of different animal species somewhat selectively. 
Most of the agglutinins discovered later on also showed such a 
slight degree of selectivity. This fact did not pass unnoticed 
and it was realised that an identification of the blood of different 
animal species might be facilitated by it. 
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As far as the author knows, before 1947 only two positive 
attempts had been made at finding blood group specific plant 
agglutinins. Marcusson-Begun (103) studied the tubers of 
numerous potato strains and found a substance in them, which 
agglutinated the red cells of all the mammalian species examined. 
Sievers (133) studied «brown beans and green peas» against 
human red cells. Neither found marked differences between 
the titres of the several people studied. 

A third such test was conducted by Renkonen (122) during 
1947 and 1948. Whereas earlier studies had involved only one 
or two species, Renkonen’s series comprised the seeds of 99 
species, all of the family Leguminosae. Six of the seed extracts 
showed definite affinity either for A or for 0 red cells. 

As a result of this finding the study of plant agglutinins was 
enhanced once more. The following years witnessed numerous 
investigations of extensive seed materials so that by the year 
1955 the total number of species studied was estimated at one 
thousand (115). Species that contain agglutinins exhibiting 
different degrees of blood group specificity were discovered; of 
these an overwhelming part belonged to the family Leguminosae. 

The botanical nature of agglutinins and their function in the 
plants have not as yet been explained beyond pure conjecture. 
The treatment of this subject will be found in Chapter II. 


CHEMISTRY OF PLANT AGGLUTININS 


The chemical nature of the seed agglutinins has been subjected 
to the most extensive studies. Stillmark (139) already concluded 
that ricin was a protein. Later on, however, the agglutinin of 
ricin turned out to be strongly resistant to the action of proteo- 
lytic enzymes (109). Since similar observations had been made 
in the study of other plant agglutinins (147), too, it was also 
suggested, at the beginning of the century, that agglutinins 
might not be proteins. 

A couple of subsequent investigations oppose the protein 
theory. In 1949 Bourdillon (18, 19) reported that he had refined 
the agglutinins of bean and influenza virus by quite similar 
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methods securing from both a highly active substance soluble 
in organic solvents. Accordingly, in his opinion the agglutinin 
of bean is not a protein. In 1953 Cugudda et coll. (32) put 
forward still another suggestion concerning the structure of 
plant agglutinins. They had analysed the substances of Vicia 
faba seeds and consider the glycoside vicine to be the most 
powerful agglutinant. It is true, they think it possible that 
impurities in their glycoside might account for the agglutination. 
Neither of these theories has been proved correct as far as 
the author knows. The majority of workers at present regard 
agglutinins either as proteins or as mucoproteins. 

Landsteiner and Raubitschek (89) regarded the plant 
agglutinins they had found as proteins. They succeeded in 
refining the agglutinins by methods showing elective affinity 
for proteins, such as precipitation by alcohol, ammonium sulfate 
and slight acidification. Russ and Oesterlin (130) employed the 
same methods for refining the agglutinins of Soja hispida and 
Phaseolus vulgaris. They precipitated the impurities by means 
of 20—30 % (NH,),SO, saturation and the agglutinins by 
means of 50 % saturation. Fujiwara (53) refined the agglutinins 
of soy bean by adsorbing them onto kaolin, aluminium hydroxide 
or calcium phosphate followed by elution in weak alkalis. 

From the seeds of Canavalia ensiformis Sumner and Howell 
(140) refined a crystalline globulin called concanavalin A, which 
agglutinated the red cells of horse at the final dilution of 
1:10 000 000. The crystals were found to be isoelectric at pH 
5.5. It was also noticed that 0.1 N. NaOH and HCI destroy the 
agglutinins, reversibly at first, irreversibly later. 

In 1950 Renkonen (123) conducted a chemical investigation 
which included the blood group specific agglutinin of Vicia 
cracca and the agglutinin of Phaseolus vulgaris. The seed 
extract was prepared in 0.9 % NaCl solution. The precipitation 
of impurities was effected with 20 % alcohol concentration, 
that of the agglutinins from the supernatant with acetone. — 
The precipitate dissolved in NaCl was treated with chloroform, 
and the acetone-chloroform treatment was still repeated twice. 
This procedure yielded highly active preparations, which con- 
tained approximately 30 % carbohydrates and were quite 
homogeneous electrophoretically. Renkonen suggested the 
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possibility of the agglutinins being mucoproteins. Using this 
same technique Koulumies (71) refined the agglutinins of 
Cytisus sessilifolius. Both a Vicia cracca preparation refined 
by the Renkonen technique and a crude extract dialysed against 
dextran were subjected to electrophoretic investigation by 
Kriipe (84). He was surprised to find that both contained only 
one homogeneous protein fraction that migrated in the manner 
of globulins. 

Rigas and Osgood (125) refined the agglutinins of Phaseolus 
vulgaris by using fractioning alcohol precipitation followed by 
fractioning ammonium sulfate precipitation. They obtained a 
preparation the activity of which was comparable to Renkonen’s 
Phaseolus preparation, and which they found to be a mucopro- 
tein. At a low pH it was hydrolysable into an inactive 
polysaccharide and a hemagglutinating euglobulin. This protein 
hemagglutinin was approximately 100 times as active as the 
mucoprotein agglutinin. In the opinion of the authors the 
increase in activity is not accounted for by a decrease in the 
amount of inactive substance, instead they think it possible 
«that the elimination of the polysaccharide unveils more active 
sites in the protein which may have been sterically hindered 
or which may be participating in the bonds with the 
polysaccharide». 

Boyd (23) showed that a pressure of 6000 atmospheres destroys 
the dissolved agglutinins of Phaseolus limensis. He also coupled 
various diazotised amines to the Lima bean globulin and found 
that a considerable amount of these could be coupled without 
an appreciable decrease in the agglutinating power of the 
globulin taking place. Hence he inferred that the amino groups 
of the globulin molecule are not essential to the agglutination, 
even though the agglutinins are destroyed by formaldehyde 
treatment (22). 

Liener and Wada (96) modified a purified soy bean hemagglu- 
tinin by acetylating its amino groups. They found that the 
modification of the easily acetylated a-amino groups brought 
about no significant loss of the agglutinating power. The acetyla- 
tion of the «-amino groups in higher acetic anhydride concen- 
trations was accompanied by a considerable decrease in the 
hemagglutinating activity. They also showed the essentiality 
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of phenolic groups in agglutination. On the other hand, the 
removal of the C-terminal amino acids by the action of carboxy- 
polypeptidases was accomplished without loss of activity. 

The greater thermoresistance of human incomplete agglutinins 
compared with the complete is known (106). Incomplete 
agglutinins have been found also in plant extracts. No appreciable 
differences seem to exist in the sensitivity to heat between the 
complete and incomplete plant agglutinins (101). 

Studies in the chemistry of plant agglutinins outside the seeds 
are few. According to Marcusson-Begun (104) the agglutinins 
of potato tubers do not withstand boiling in the least. According 
to Bird (41) they withstand boiling for 30 minutes. After having 
carried out fractioning precipitations by ammonium sulfate, 
Kriipe (84) adopted the view that the agglutinins of potato 
tubers as well as those of seeds are globulins. 


OBJECT OF THE PRESENT INVESTIGATION 


The aim of this study was 

1. To throw light on the effect of physical factors on the 
agglutination by seed extracts. 

2. To obtain information about the modes of reaction of 
incomplete seed agglutinins when tested by different methods, 
and to study the incidence of such agglutinins. 

3. To study the botanical rules that possibly govern the 
occurrence of seed agglutinins in the family Leguminosae. 

4, To discover new and possibly more useful reagents for the 
use of the routine blood group serologist. 

5. To obtain information of the homogeneity of seed 
agglutinins, whether prosthetic groups of only one kind or of 
several kinds are contained in a given extract; and if there are 
several, whether these are parts of one molecule or of different 
molecules. 

6. By means of agglutination-inhibition tests to study the 
structure of those red cell receptors with which the seed 
agglutinins react. 


| SEROLOGICAL ACTIVITY OF PLANT EXTRACTS 


SURVEY OF LITERATURE 
1. AGGLUTINATION 


Direct agglutination of red cells 


In most investigations into plant agglutinins the red cells 
have been suspended in physiological NaCl solution. The 
agglutination thus achieved resembles, both macroscopically 
and microscopically, that caused by animal agglutinins. The 
agglutinins can be absorbed with the red cells though apparently 
not so easily as animal agglutinins. Strangely enough, originally 
inactive extracts have sometimes been found to agglutinate 
human red cells, after absorption of the extract with these cells 
(84). This phenomenon has been explained by assuming that 
the cells absorb «inhibiting agents», maybe blocking antibodies, 
which results in the activation of the extract. Accordingly, in 
the opinion of Kriipe (84), results from the absorption tests of 
plant agglutinins are to be evaluated with caution. 

Elution of agglutinins from the treated cells can be effected 
e.g. by treatment with heat at 50°—56° (87). On the other 
hand, spontaneous elution does not take place at 37°, and the 
red cells from which the agglutinins are set free can be aggluti- 
nated once more with the same agglutinin (84). 


Indirect agglutination of red cells 


Incomplete animal agglutinins have been known for many 
years (57). They are commonly believed to occur mainly in 
immune sera. Therefore it was with a certain degree of surprise 
that, in 1954, Kriipe (81) found some extracts from the seeds 
of Sophora japonica incapable of agglutinating the red cells 
of the B group in saline milieu while agglutinating in AB serum 
or bovine albumin milieu. Plant agglutinins, of course, could 
hardly be regarded as immune antibodies. 
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The behaviour of the incomplete plant agglutinins was similar 
to that of the animal agglutinins in many respects. They 
agglutinated enzyme treated red cells in saline milieu, and they 
could be used to elicit the phenomenon of Coombs, Mourant 
and Race by using anti-seed-protein immune serum (82). 

Kriipe (82) succeeded in preparing Sophora extracts con- 
taining complete agglutinins, too. Such extracts, particularly, as 
were made taking great care to remove the scales agglutinated 
in saline milieu. Moreover, Kriipe noticed that extracts which 
were kept at room temperature developed saline agglutinins 
spontaneously within 1—3 weeks. Further he was able to 
develop saline agglutinins in the extract by absorbing it with 
carbon or red cells. For this reason he suggested that during the 
extraction such substances are dissolved from the scales of the 
seeds as inhibit saline agglutinins. Afterwards these substances 
supposedly disappear at room temperature through (fermenta- 
tive ?) decomposition, or are absorbed by carbon or red cells. 
The present author developed saline Sophora agglutinins 
according to Kriipe’s method by aging (104). 

Subsequent investigations have demonstrated incomplete 
agglutinins in several blood group specific plant extracts at 
higher dilutions than saline agglutinins (14, 34, 84). On the 
other hand, very few such extracts have been discovered as 
contain incomplete agglutinins only. 

Bird (16) reports that Glycine soja extract, which is known to 
contain a complete anti-rabbit agglutinin (84) and a cold 
agglutinin of the complete type against human red cells (9), 
agglutinates papainised human red cells or those suspended in 
bovine albumin, also at 37°. His absorption and elution tests 
indicate that all these diverse reactions are caused by one and 
the same agglutinin. McNeil et coll. (104) report that Lotus 
tetragonolobus extract acts as a good anti-H reagent in 10 % 
polyvinylpyrrolidon milieu. 

Phenomena evidently caused by incomplete agglutinins were 
recorded by investigators of plant agglutinins at the beginning 
of the century already, though it was not until Kriipe’s discovery 
that a common explanation was provided. In 1909 Miessner and 
Rewald (105) noticed that while the serum of most animals 
inhibits ricin agglutination it is prompted by the serum of cow. 
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A somewhat similar finding was made by di Macco (98) in 1923. 
Friedemann (51) treated red cells with a dose of ricin insufficient 
to agglutinate them whereupon he transferred the cells into 
antiricin capable of inhibiting agglutination under normal 
circumstances. In this way he brought about an agglutination 
by anti-globulin method. Craeger and Gifford (31) found that 
10 % gum acacia had a promoting effect on the agglutination 
by Vicia faba extract. 


Agglutination of other corpuscles 


Stillmark (139) was the first to note the agglutination by 
ricin also of liver cells, epithelium cells and leucocytes, and 
Wienhaus (147) managed to agglutinate liver cells with his 
Phaseolus extract. Rosenthal (129) found that the Phaseo- 
lus multiflorus extract agglutinated leucocytes, platelets, 
spermatozoids, yeast cells, and spores of molds. The solutions 
used by all these scientists were apparently rich in agglutinins. 
The agglutinability of leucocytes, at least, is obviously lower 
than that of red cells, since it has been possible to isolate the 
former from blood and bone marrow by agglutinating the red 
cells away with Phaseolus extract (95, 134). It has also been 
found possible to agglutinate reticulocytes by means of suitable 
agglutinin concentrations while nucleated erythrocytes remain 
homogeneously suspended. 

Contradictory findings are reported on the phytagglutination, 
the agglutination by plant extracts, of bacteria. Kritschewsky 
(74) reported an agglutination of typhoid bacilli and cholera 
vibrios by juice squeezed from the leaves of Echeveria Scheideckeri 
(Crassulaceae). Marshal (102) observed that juice squeezed from 
the leaves of Echeveria gibbiflora agglutinated B. prodigiosus 
and Proteus X 19. He found, however, that proteins precipitated 
from the juice with ammonium sulfate were inactive, and the 
clumping was probably due to tannin present in the juice. 
Kriipe (84) has ascertained the juice of Echeveria Scheideckeri 
inactive, and that an unspecific clumping of bacteria and 
erythrocytes is caused by the tannin. 

Eisler and Portheim (42) reported that they had achieved a 
weak agglutination of typhoid bacilli and cholera vibrios by 
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means of the seed extract of Phaseolus vulgaris. Sumner and 
Howell (140) noticed that a solution of concanavalin A (a 
crystalline globulin from Canavalia ensiformis seeds) agglutinates 
mycobacteria and actinomycetes. Isotalo (58) studied the effect 
of the seed extracts from 40 Leguminosae species on 21 different 
species of bacteria. She did not observe a single case of 
unmistakable agglutination. Kriipe (84) arrived at a similar 
result upon studying 131 plant extracts, which did not contain 
hemagglutinins, and 19 bacterial species, against one another. 
Nor did the anti-A and anti-H extracts studied by him aggluti- 
nate a single pneumococcus strain of the twelve examined, not 
even pneumococcus XIV. They did not bind hemagglutinins 
either, nor was capsular swelling observed. 

Schmidt (132) reports that the Vi-antigen of S. typhi, S. 
paratyphi and certain coli strains bind the anti-H of both 
bovine serum and Laburnum alpinum. Punin (118) observed the 
agglutination of Bacillus botulinus and Bacillus histolyticus 
by Laburnum alpinum extract. 


Influence of physical and chemical factors 


Most plant agglutinins, both complete and incomplete, react 
almost independently of the temperature within the range of 
4°—40°C (84). Elo and Estola (46), it is true, found that a fresh 
extract from the fungus Marasmius oreades reacted more 
strongly and specifically at 37° than it did at lower temperatures. 
Kriipe (84), however, thinks that the same result can be achieved 
by hot treatment of the extract prior to the agglutination. 
In the extracts of Glycine soja, Bird (9) has detected an agglutinin 
reactive with human red cells in saline milieu at low tempera- 
tures (+4°) only. 
As already stated, elution of plant agglutinins from cells is 
possible at higher temperatures (50°—56°). 
Actual tests have shown that plant agglutinins do not aggluti- 
nate red cells in a milieu that is poor in electrolytes. This was 
known to Rona and Gyorgy (127) as early as 1920, and Furihata 
(54) came to the same conclusion. Kriipe (84) noticed that 
the anti-A of Vicia cracca does not agglutinate A-cells, nay, 
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does not even become attached to the cells, in a milieu poor 
in electrolytes. 

The dependence of phytagglutination on pH has not been 
much studied. Sumner and Howell (140) found an agglutination 
of red cells by crystalline concanavalin A taking place within 
a pH range of 5.2—7.5. Rosenthal (129) reports that Phaseolus 
multiflorus extract agglutinates at pH 3—412. 


2, ANTIGENICITY 


Reference has already been made to the great importance 
of the vegetable antigens in the early history of general immunol- 
ogy. Since they were superseded by other antigens in this 
field, they have interested blood group serologists. 

Ehrlich (39) was the first to demonstrate the inhibition of 
ricin agglutination by anti-ricin. A problem of serological interest 
has been whether an actual anti-antibody has thus been created, 
i.e. whether it is mainly the «prosthetic group» of the plant 
agglutinin or the plant agglutinin molecule in general that has 
acted as an antigen. In order to make this matter clear both 
Renkonen (123) and Kriipe & Powilleit (76) have studied the 
agglutination-inhibiting power of immune sera that have been 
made by means of blood group specific plant extracts. The 
immune sera obtained in this way readily neutralise their 
homologous antigen (plant anti-A) but fail to neutralise anti-A 
isoagglutinin. Accordingly it seems that only anti-plant protein 
sera were produced. 


3. PRECIPITATION 


' Stillmark (139) already noticed that mixtures of ricin and 
normal serum grew turbid. Kraus (72) examined this phenomenon 
more thoroughly and came to the conclusion that a given plant 
extract precipitates the sera of those animal species only whose 
cells it agglutinates. He was of the opinion that one and the 
same agent brings about both the precipitation and the agglu- 
tination. Kraus’s theory was supported by Stillmark’s (139) 
observation of the moderate inhibition of ricin agglutination by 
normal serum. The findings of Raubitschek and Wilenko (420) 
spoke against Kraus’s theory. They noted that pea extract did 
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not agglutinate the red cells of chicken but it precipitated with 
the serum; moreover, when the extract was mixed with the 
serum of rabbit and the resultant deposit removed, the super- 
natant agglutinated but did not precipitate. Sumner and Howell 
(140) also found that concanavalin A caused precipitation 
in the sera of all studied animal species, though it did not 
agglutinate the red cells of every species. Wilenko (148) noticed 
that precipitation occurred when different plant extracts were 
mixed. 

Jacoby (60) has found that in homologous immune sera the 
precipitation caused by plant extracts is more intense than in 
normal sera. Dujarric de la Riviére et al. (35) have shown that 
an immune serum produced by means of pea extract causes 
precipitation in bean extract, too, but the precipitation lines 
obtained by the gelatin plate technique are different. In this 
way it has been possible to distinguish between different varieties 
of a plant species. 

The precipitation of blood group substances with plant 
extracts is treated in Chapter III. 


4. HEMOLYSIS AND OTHER REACTIONS 


Many plant extracts have been found to hemolyse red cells 
(67, 122, 20). This is particularly true of numerous fungous 
extracts (50). Ford (49) was able to absorb the hemolysin of 
Amanita muscaria by red cells at a temperature of approx. 
0° C. Hemolysis did not take place in cold state but it occurred 
as soon as the cells were separated from the extract and 
transferred to warm environment. After that the absorbed 
extract did not hemolyse any more, even when warm. This 
indicated that the hemolysis was not due to physical factors, 
e.g. to pH. That the same applies also to ricin hemolysis was 
shown by v. Eisler (41); subsequently it has turned out to be 
true of other seed extracts, too (20). Ehrlich (40) suggested that 
the hemolysin and agglutinin of ricin and abrin are identical 
and the phenomena differ only quantitatively. 

Nungester and van Halsema (112) have found that particular 
Phaseolus vulgaris extract, which agglutinates the leucocytes 
of rat, to inactivate the Flexner-Jobling carcinoma cells of rat, 
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so much so that they do not produce cancer when implanted in 
rats. Four other Phaseolus extracts did neither agglutinate 
leucocytes nor inactivate cancer cells. 

The seeds of Vicia faba and some other Leguminosae species 
are known to partake in the etiology of certain cases of hemolytic 
anemia of man. Investigations have been carried out concerning 
the possible share of this seed agglutinin in the causation of 
the malady (31, 32, 48). No evidence to such an effect probably 
exists at present. It has been found that plant agglutinins do 
not hemolyse red cells in the presence of complement (31, 28, 84). 


OWN INVESTIGATIONS 
|. METHODS 


Since preliminary tests are described in this connexion, which were largely 
done in order to discover suitable methods, the material and methods will 
be discussed again later on. 

The seeds were ground in a mortar. The powder (1 unit of weight) was 
mixed with physiological salt solution (9 units of weight), and the mixture 
was allowed to remain at 37° C for two hours. During this period it was 
stirred once. After two hours the extract was centrifuged (10 mins at 3000 
r.p.m.) and the resulting opalescent supernatant was used as such in the 
agglutination tests. In general, fresh extract was used, exceptionally, however, 
the extract had been kept at —18°C for 0—4 months prior to use. No change 
in the agglutination titre was found to have happened during this time, 
unless the extract was melted in the meantime. 

Red cells washed from citrated blood were used as test cells. As a rule 
they had been taken on the same day, sometimes kept for 18—70 hours 
in the original plasma at +4°C. The titres obtained with plant agglutinins 
against such preserved red cells were found to be nearly identical with those 
obtained against the fresh red cells of the same person. 

Unless stated otherwise, the technique used was as follows. Twofold serial 
dilutions in saline were prepared from the extracts. The red cells were used 
in a 2 % saline suspension. Agglutination was allowed to take place in glass 
test tubes (10x 100 mm). One drop of plant extract and two drops of the 
cell suspension were put into the tubes using a Pasteur pipette (diam. of 
opening 1.5 mm). The tubes were allowed to remain for 1.5—2 hours at 
room temperature. Such variations of the incubation time were found to 
have a negligible effect on the titre. The agglutinations were read with the 
unaided eye and with a low power microscope. A distinct agglutination was 
considered accomplished when the larger part of the red cells had been 
collected into clumps. The denominator of the final dilution of the seed 
extract causing a distinct agglutination is given as the titre. 
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2. INFLUENCE OF PHYSICAL AND CHEMICAL FACTORS ON PHYTAGGLUTINATION 


Effect of temperature 


Six seed extracts showing different blood group specificity were tested 
at various temperatures in saline and serum (the test cells suspended in 
human AB serum) milieu. 

TABLE | 

Agglutination titres of seed extracts against different kinds of red cells 

at various temperatures 


Extract of seeds of 
t=] 
$ Vicia | Dolichos |Phaseolus| Sophora 5 
garis cracca | biflorus | lunatus | japonica 3 = 2 
saline | A,| 4°} 1024 4096 32 256 — _ 
18°; 1024 2048 128 512 
37°| 2048 4096 266 512 
4° 2048 8 8 — 4 
18°} 1024 8 4 4 
37°| 2048 2 — — _ 
O; 4° 1024 8 — 16 
18°; 2048 4 16 
37°; 2048 2 8 
A,| 4°} 2048 32768 64 4096 256 2 
AB 18°; 1024 16384 512 4096 128 2 
serum 37°; 4096 32768 1024 8192 64 — 
B; 4°, 1024 64 2 2048 16 
18°; 1024 - 64 1024 16 
2048 32 512 4 
4°) 2048 64 -—- 4 64 
18°; 2048 64 -— -— 4 64 
37°; 2048 32 — -- 2 16 


The results are given in Table 1. As the table shows, the effect 
of temperature within the studied range (+4°—+37°) is 
small. The agglutinins of Sophora japonica and Laburnum 
Watereri react a little more strongly at a low temperature. 
The anti-A agglutination by Phaseolus lunatus becomes more 
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marked at the higher temperatures, whereas its reaction with 
B cells is strongest at a low temperature. The effect of tempera- 
ture on saline agglutination seems to be about equal to that on 
indirect agglutination. 


Effect of electrolytes 


Some seed extracts were dialysed for 24 hours against running water 
in order to determine the effect of NaCl concentration on phytagglutination. 
After this their electrolyte concentration was less than 0.005 moles per litre 
measured by conductivity. During the dialysis unknown substances were 
precipitated from the extracts, the volume of which increased a little at 
the same time, while the decrease in agglutinin content varied in different 
extracts. 

Tests with hypotonic salt concentrations were conducted as follows. The 
dilutions of the extract were prepared in distilled water. The red cells used 
were suspended in solutions whose NaCl concentration varied from 0 to 
1.8 % and to which enough glucose was added to make the osmotic pressure 
of the solution the same as that of a 0.3 M (1.8 %) NaCl solution. When 
equal volumes of seed extract and the cell suspension were mixed in aggluti- 
nation-titration, the osmotic value of the mixture was the same as that 
of physiological salt solution and the salt concentration one half of that 
of the cell suspension. Glucose in 5 % concentration was not found to inhibit 
the agglutination caused by the seed extracts here examined if the NaCl 
concentration of the milieu was 0.9 %. 

When studying the effect of hypertonic salt concentrations on aggluti- 
nation, the dialysed seed extracts were used. The dilutions were made in 
0.15—2.6 M NaCl solutions. The test cells were suspended in NaCl solutions 
of identical concentrations. The seed extract and the cell suspension were 
mixed in equal volumes. 


In solutions of very low electrolyte concentration (less than 
0.005 moles per litre) the red cells had a spontaneous tendency 
to clump into aggregates that did not resemble agglutination 
clumps, but otherwise the cells were homogeneously suspended 
in control tubes. Cells that had been suspended in a 30 % 
NaCl solution were quickly hemolysed, while those suspended 
in a 15 % (2.6 M) solution showed no definite signs of damage. 

The results are given in Fig. 1. It will be seen that a decrease 
in the NaCl concentration below the physiological molarity 0.15 
is generally accompanied by a considerable fall in the titres. 
Extracts that agglutinate still in a 0.005 M salt concentration 
exist, however. 


‘ 
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Fig. 1. — Agglutination titres of seed extracts in various NaCl concentrations 


PHASEOLUS VULGARIS +A,CELLS 
——-—VICIA CRACCA = is 


DENOMINATOR DOLICHOS BIFLORUS+ 
PHASEOLUS LUNATUS + « 
DILUTION EXTACY) +B CELLS 
—-—- LABURNUM ALPINUM OCELLS 
1024 
512} | 
128 ; 
64 i 
32 
8 
4 
2 
1 
0.005 Oo: O02 0,04 Oos O3 Oo 12 25 
*09% NaCl concentration (moles/!) 


At higher salt concentrations the agglutination seems to be 
somewhat irregular. With an increase in the concentration from 
0.15 moles per litre up to a molarity 0.8 there is a slight fall 
in the titre. At still higher salt concentrations a rise in the titre 
is often observed. Nevertheless, the controls (salé solution + 
cell suspension) were totally negative also in these tests, and 
anti-A extracts from Dolichos biflorus and Phaseolus lunatus 
retained their specificity even at 2.6 M salt concentration. 


In order to study the effect of different kinds of electrolytes on phyt- 
agglutination 0.3 M solutions of NaCl, KCl and NaNO, as well as 0.2 M 
solutions of MgCl,, CaCl,, BaCl,, Na, SO, and Na,HPO, were prepared. 
The red cells were suspended in these, and the plant extracts poor in electro- 
lytes were used for the agglutination. The seed extract and the cell suspension 
were mixed in equal volumes. 


The results are given in Table 2. The solutions of the salts 
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TABLE 2 


Agglutination titres of seed extracts in the presence of various elec- 
trolytes in 0.15 M concentrations 


Extract of seeds of 
— | Phaseolus Vicia Dolichos Phaseolus Laburnum 
| vulgaris cracca biflorus lunatus | alpinum 
present 
tested with red cells of blood group 
A; A, A, A, O 
NaCl 512 512 64 256 16 
KCl 512 256 64 128 16 
MgCl, 512 512 256 512 32 
CaCl, 512 512 512 512 32 
BaCl, 512 512 512 512 32 
NaNO, 512 512 64 256 16 
Na,SO, 512 512 256 512 32 
Na,HPO, | 512 512 32 256 16 


examined showed no marked differences in their effects on 
agglutination. 


Effect of pH 


The effects of variations in pH on the agglutination were studied within 
the approximate range of pH 4.5—pH 11, where red cells are not hemolysed. 
The solutions were buffered 


at pH 4 — pH 6 with a 0.15 M acetic acid — Na-acetate mixture, 

at pH 5.5 — pH 8.5 with a 0.12 M NaH,PO,—0.1 M Ne,HPO, 
mixture 

and at pH 8.5 — pH 11.5 with a 0.1 M Na,HPO,—0.15 M NaOH 
mixture. 


The red cells used were suspended in undiluted buffer solutions. One drop 
of seed extract and two drops of cell suspension was put into the agglu- 
tination tubes. In order that an excess of buffering protein might not come 
into the solution, more dilute crude extracts than usual were used. The final 
agglutination mixtures consisting of the plant extract and buffered red cell 
suspension were also made in greater quantities and their pH values were 
read in order to control the potency of the buffer. It was found that the 
readings obtained could be lower by 0.4 unit at the highest pH values than 
the pH of the mere buffer. No changes to speak of had taken place at 
the pH values 4—10 as a result of the additional red cells and plant agglu- 
tinin. The pH values of the final mixtures were chosen when giving the results. 
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Fig. 2. — Agglutination titres of Vicia cracca extract against different kinds of red cells 
in a medium of varying pH 


DENOMINATOR TEST CELLS 
OF THE FINAL RABBIT 
AGGLUTINATING ———— GUINEA PIG 
DILUTION HUMAN A, 
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128 
16 
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pH OF THE REACTION MILIEU 


The anions CH,COO , H,PO, , HPO, and Cl were found to be 
nearly equivalent with regard to the agglutination. The results were read 
after 1 hour with the naked eye. 


The results are given in Table 3 and Fig. 2. It was found 
that most seed extracts agglutinate within the wide limits of 
pH 5 and pH 11, more weakly, it is true, near the extremes, 
which is perhaps due, partly at least, to damage to the cells. 
There are agglutinins, however, whose titre is practically 
constant, as long as the cells are whole, e.g. the anti-guinea pig 
agglutinin of Vicia cracca. There are a few extracts the titre of 
which slopes down gently at rather low pH values, viz. Vicia 
ervilia, Dolichos biflorus and Bandeiraea simplicifolia. 

The behaviour of the anti-A agglutinin of Vicia cracca and 
Vicia villosa is of interest. These show a sharp fall of the titre 
at the transition from pH 7.1 to pH 6.4. The Vicia ervilia 
extract, which contains no anti-A but an unspecific anti-man 
agglutinin, was also tested with A, cells and it reacted differently. 

When the extract of Vicia cracca was buffered at pH 5.0, a 
slight precipitate formed in 2 hours. This was removed by 
centrifuging for 15 mins at 4000 r.p.m. and the supernatant 
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adjusted to pH 7.5. Its agglutination titre was found to be 
practically the same as that of the untreated extract. If a 
tube containing agglutinated cells was adjusted again to pH 
5.0, a breakdown of the aggregates followed. 

A, cells that had been saturated with Vicia cracca agglutinin 
at pH 7.5 were washed three times and suspended in a buffer 
of pH 5.0. After the aggregates had broken down, the suspension 
was centrifuged and the supernatant adjusted to pH 7.5. The 
agglutination titres of this liquid (a kind of eluate) against A, 
and guinea pig cells corresponded with one another like the 
titres of the original extract, respectively. Judging by the 
foregoing it seems that the anti-A agglutinin of Vicia cracca 
is not destroyed at pH 5.0; instead, it appears that the agglutinin 
is not at all or easily coupled to the red cells at this pH. 


3. COMPARISON OF DIFFERENT METHODS FOR DETECTING INCOMPLETE 
PLANT AGGLUTININS 

Hummel (57) divides antibodies according as their degree of 
incompleteness varies. He says that «aggloids» are demonstrable 
by means of colloid-conglutination tests only, «cryptagglutinoids» 
with the aid of enzyme treated cells, too, while less incomplete 
«agglutinoids» agglutinate intact cells in a serum or albumin 
milieu. 

The present author has studied the hemagglutination caused 
by such extracts of Sophora japonica and Coronilla varia as did 
not react at all with intact red cells in saline milieu, accordingly 
containing incomplete agglutinins only. 


The seed extracts were prepared as above and they were diluted in saline. 

The following additional solutions were used in the test: 

Serum, inactivated human AB serum 

Albumin, bovine (Armour) 

Polyvinylpyrrolidon, Kollidon, biologically examined, molecular weight 
28 000 (BASF) 


The enzyme treated cells were prepared as follows (86): Papain stock 
solution was prepared by dissolving 1 g of papain in 100 ml of 0.9 % saline. 
It was kept for a few months at —18° divided into small tubefuls, which 
were melted for use, one at a time. 

Papain working solution was prepared immediately before use by mixing 
1 part of papain stock solution and 9 parts of phosphate buffered saline 
(1 part Sorensen phosphate buffer pH 7.3 and 9 parts 0.9 % saline). 


27 


To 1 ml of packed, thrice washed red cells was added 2 ml of the 0.1 % papain 
working solution. The suspension was incubated for 30 minutes in water 
bath at 37° with intermittent agitation by shaking. After this time the 
suspension was centrifuged, the supernatant removed and the cells were 
washed three times. New papain treated cells were prepared each day. 

Different concentrations of AB serum, albumin and kollidon were used, 
diluted in physiological NaCl solution. The red cells were suspended in 
these solutions or in 0.9 % saline. In the agglutination tests one drop of 
the seed extract and two drops of the cell suspension were added to the tubes. 
Thus the final concentration of AB serum, albumin and kollidon was 2/3 
times their concentration in the original red cell suspension. 


The results are given in Table 4. It was found that kollidon 
could not be used nearly so strong, or in a 7 % solution, as 
recommended by Hummel (57). Even fresh cells produced 
rouleaux formations in it or became brown and poorly aggluti- 
nable. If the cells had been kept in a refrigerator overnight, 
a 5 % solution was enough to cause such behaviour; at times 
the cells, though fresh, did not stand even the 5 % solution of 
kollidon. 

The two agglutinins studied produce almost the strongest 
reaction in AB serum milieu, agglutination is distinct in a milieu 
containing as little as 17 % serum. The extracts agglutinate 
papainised cells rather weakly, and prozone phenomenon is 
observed. Kollidon does not seem to be a particularly good 
milieu if incomplete plant agglutinins are to be found. 


DISCUSSION 


As regards the effect of temperature on phytagglutination, 
the findings of Kriipe (84) are corroborated by the present 
author’s tests. Kriipe noticed that the phenomenon showed 
considerable independence of temperature. This seems to be true 
also of the incomplete plant agglutinins, which is remarkable 
since many animal incomplete agglutinins react poorly at low 
temperatures. The present author did not find cold agglutinins 
in seeds, not even among his Glycine soja samples (See Ch. IT), 
as Bird (9) succeeded in doing. 

On the ground of his investigations the present author cannot 
wholly agree with Kriipe’s view (84) that for a visible hemagglu- 
tination to take place a certain salt concentration is necessary. 
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TAR 
onill 
Titres of the incomplete agglutinins of Sophora japonica , = 


Sophora japonica 
Titre test cells suspended in 
1/ | NaCl| serum albumin kollidon 
0.9% | 25% 50% 100% 10% 20% |2.5% 3.6% 5% 
| 
1; — ++ +++ +44 + 
4) — [444+ +44 +44) + +44 — +++ —| ++ 
8) — [ttt ttt ttt) — +++ — ++ 
16; — ++ +4++ — + +++ — 
32; — + ++ — — +++ + 
64; — + ++ — + 
128; — + +++) — — 


+ More than half of the cells are gathered into aggregates, part of which 
are discernible to the naked eye 
++ Nearly all cells gathered into aggregates 
+++ No unagglutinated cells, only few large lumps 


Apart from this the author’s tests confirm Kriipe’s observation 
that the crude extract from Vicia cracca seeds does not aggluti- 
nate A cells in low salt concentrations. Some other extracts, 
e.g. Phaseolus vulgaris, however, produce an unmistakable 
agglutination still in 0.005 M NaCl solution. True, a decrease in 
the salt concentration is accompanied by a fall in the titre also 
in these cases. A visible agglutination is elicited in solutions 
that are still poorer in salt, but in these the readings are not 
reliable in the author’s opinion as cells tend to clump spontane- 
ously. 

Isoagglutination has also been found to occur in low salt 
concentrations (128, 101), too, as well as the agglutination of B. 
typhi by its immune serum (117). According to Aladjem and 
Liebermann (2) rabbit anti-chick-ovalbumin precipitates its 
homologous antigen in a milieu free from electrolytes. 

The behaviour of plant agglutinins in hypertonic salt solutions 
is of some interest. Regarding isoagglutination it has been shown 
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NaCl AB serum albumin kollidon 
0.9% | 25% 50% 100% 5% 10% 20%) 2.5% 3.6% 5% | cells in 
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earlier that a rise in salt concentration is accompanied by a fall 
in the agglutination titre (113, 68). This was thought to be due 
to an incomplete linkage of the agglutinins and damaged cells. 
As far as is known those studies have not included NaCl solutions 
stronger than 4.5 %. 

The tests carried out by the present author show that when 
the NaCl concentration is raised from the molarity 0.15 (0.9%) 
the titre of most plant agglutinins falls until a concentration of 
4.7 % is reached, after which the titre rises again in higher con- 
centrations. In the higher concentrations the agglutination has 
a somewhat different appearance, the aggregates are smaller, 
but all the cells are agglutinated anyway. In isoagglutination 
the author has come across a similar phenomenon (101), which 
it is difficult to explain. The possibility of damage to the cells 
must be taken into account. The agglutinins, however, seem to 
have a share in the clumping in all salt concentrations because, 
in all the tests, the control tubes were negative, and because the 
blood group specificity of the extracts was retained completely 
even in high salt concentrations. It is possible, of course, that 
if the share of the agglutinin in the process of clumping becomes 
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smaller and that of the salt greater, when the salt concentration 
rises, the sum of their joint effects reaches its minimum in a 
4.7 % solution. 

As regards the effect of pH on agglutination, the present 
author’s results speak against the theory of Kossowitch and 
Canat (68), according to which an agglutination would be 
possible only if the charges of the agglutinin and the red cell 
are of different designations. As the isoelectric point of many 
plant agglutinins is at a siightly acid pH (140, 125), their charges 
and those of the red cells are of the same designation, in the 
alkaline reaction at least. Agglutination, however, occurs in 
them as readily as in acid solutions. 

The present author’s observations are in agreement with the 
results from an agglutination by Phaseolus multiflorus extract 
obtained by Rosenthal (129). His claim that agglutination 
occurs at a pH as low as 3 is perhaps due to Rosenthal’s 
measuring the pH of only the buffer used, ignoring the buffering 
effect of the agglutinin and maybe of the red cells, too. All 
cells used by the author were hemolysed at pH 3 almost 
instantaneously. 

The behaviour of the anti-A agglutinins of Vicia cracca and 
Vicia villosa at various pH values is of interest. They exhibited 
a very definite rise in the titre upon transition from an acid to an 
alkaline reaction. No other plant agglutinin studied showed a 
similar phenomenon. Even Vicia cracca agglutinated human 0 
cells and the red cells of rabbit and guinea pig as readily in 
acid as in alkaline solution. The anti-A agglutinin could be set 
free from the cells by lowering the pH of the milieu sufficiently. 
The agglutinin was not destroyed by the acidity because the 
solution, after readjustment of the pH to 7.5, agglutinated A, 
cells strongly. But it agglutinated the red cells of guinea pig, 
too, which goes to prove that the two agglutinins reacting 
differently are in the same molecule, after all. 

A weak point in the present author’s methods for detecting . 
incomplete agglutinins is the fact that the cells are suspended 
in an albumin or kollidon solution that is less dilute than the 
final agglutination mixture. This may involve damage to the 
cells. As the purpose was to devise a method for examining 
about 1500 extracts, efforts were aimed at finding a technique 
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that would enable the author to use the saline seed extract in 
all the tests. This was necessary to save labour as well as seeds. 

Plant agglutinins of the incomplete type seem to behave 
differently from animal agglutinins when determined by various 
methods. Animal incomplete agglutinins as a rule yield rising 
titres according as serum, albumin, or enzyme treatment 
method is used. Total failure of agglutination is common in 
serum milieu. In the author’s studies in seed agglutinins the reac- 
tion was almost strongest in AB serum, less strong by papain and 
albumin methods, the kollidon method being the poorest of all. 

The relationship between plant agglutinins and _ plant 
hemolysins is discussed at the end of the next chapter, taking 
the author’s own observations into consideration. 


4 
Dig 


30 


smaller and that of the salt greater, when the salt concentration 
rises, the sum of their joint effects reaches its minimum in a 
4.7 % solution. 

As regards the effect of pH on agglutination, the present 
author’s results speak against the theory of Kossowitch and 
~Canat (68), according to which an agglutination would be 
possible only if the charges of the agglutinin and the red cell 
are of different designations, As the isoelectric point of many 
plant agglutinins is at a slightly acid pH (140, 125), their charges 
and those of the red cells are of the same designation, in the 
alkaline reaction at least. Agglutination, however, occurs in 
them as readily as in acid solutions. 

The present author’s observations are in agreement with the 
results from an agglutination by Phaseolus multiflorus extract 
obtained by Rosenthal (129). His claim that agglutination 
occurs at a pH as low as 3 is perhaps due to Rosenthal’s 
measuring the pH of only the buffer used, ignoring the buffering 
effect of the agglutinin and maybe of the red cells, too. All 
cells used by the author were hemolysed at pH 3 almost 
instantaneously. 

The behaviour of the anti-A agglutinins of Vicia cracca and 
Vicia villosa at various pH values is of interest. They exhibited 
a very definite rise in the titre upon transition from an acid to an 
alkaline reaction. No other plant agglutinin studied showed a 
similar phenomenon. Even Vicia cracca agglutinated human 0 
cells and the red cells of rabbit and guinea pig as readily in 
acid as in alkaline solution. The anti-A agglutinin could be set 
free frora the cells by lowering the pH of the milieu sufficiently. 
The agglutinin was not destroyed by the acidity because the 
solution, after readjustment of the pH to 7.5, agglutinated A, 
cells strongly. But it agglutinated the red cells of guinea pig, 
too, which goes to prove that the two agglutinins reacting 
differently are in the same molecule, after all. 

A weak point in the present author’s methods for detecting 
incomplete agglutinins is the fact that the cells are suspended 
in an albumin or kollidon solution that is less dilute than the 
final agglutination mixture. This may involve damage to the 
cells. As the purpose was to devise a method for examining 
about 1500 extracts, efforts were aimed at finding a technique 
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that would enable the author to use the saline seed extract in 
all the tests. This was necessary to save labour as well as seeds. 

Plant agglutinins of the incomplete type seem to behave 
differently from animal agglutinins when determined by various 
methods. Animal incomplete agglutinins as a rule yield rising 
titres according as serum, albumin, or enzyme treatment 
method is used. Total failure of agglutination is common in 
serum milieu. In the author’s studies in seed agglutinins the reac- 
tion was almost strongest in AB serum, less strong by papain and 
albumin methods, the kollidon method being the poorest of all. 

The relationship between plant agglutinins and plant 
hemolysins is discussed at the end of the next chapter, taking 
the author’s own observations into consideration. 
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OCCURRENCE OF AGGLUTININS IN PLANTS 
SURVEY OF LITERATURE 
1, OCCURRENCE IN FLOWERING PLANTS 

_. Great and immediate as the interest of serologists and bacteri- 
ologists in plant agglutinins was, only few plant species containing 
them were found in the 19th century. After the school of Kobert 
(66, 67) had discovered their handful of agglutinating and also 
toxic species, it was not until after a decade and a half that 
new plant species were found containing agglutinins. 

The first nontoxic and agglutinating plant extracts were 
discovered by Landsteiner and Raubitschek (89) in 1907, in the 
seeds of bean, pea, lentil, and vetch. Eisler and Portheim (42) 
examined the seeds of 99 species using chiefly the red cells of 
rabbit, sheep and goat as test cells. The species represented 56 
genera of different families. They found agglutinins in but 6 
datura species. Agglutinins were present in capsule-bearing 
daturas only, not in the bacciferous species. _ 

All the species examined by Renkonen (122) in 1948 were of 
the family Leguminosae, which had turned out to be the richest 
_, source of agglutinins. Of the seed extracts 62 were inactive, 
31 were unspecific agglutinants of human red cells, and 6 blood 
group specific. Renkonen’s results are shown in detail by Table 
5, which includes information of the Leguminosae species thus 
far examined. The 215 species, again, examined by Munter 
(110) belonged to 59 more families. In the families Rosaceae, 
Saxifragaceae, Crassulaceae, Polygonaceae, Nymphaeceae, and 
Lythraceae he found 20 new species that contained weak 
unspecific agglutinins. 

Kriipe (84) examined 76 species representing 34 families, 
exclusive of the Leguminosae, finding no agglutinins at all. 
The series of Boyd and Reguera (20) comprised 262 species from 
63 families. Their results, too, are indicative of the scarcity of 
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agglutinins outside the family Leguminosae. They found a good 
anti-A agglutinin in a couple of Phaseolus limensis samples, 
and a weak anti-B in Vitis aestivalis (Vitaceae). They noticed 
that different specimens of the same species may possess dissi- 
milar activities. Kirchner and Kriipe (65, 84) confirmed this 
observation by examining 92 different varieties of Phaseolus 
limensis. They also found that of the individual beans of a variety 
some might contain powerful agglutinins whereas others were 
inactive. Differences were possible even between beans taken 
from one and the same pod. In 1950 Boyd (24) published a 
new series, which consisted of the seeds of some 300 Egyptian 
plant species. They did not discover new blood group specific 
agglutinins. 

Cazal and Lalaurie (30) confined their efforts to an investi- 
- gation into the family Leguminosae. They examined 420 species 
using human A, B and O red cells. Of the species 326 were 
inactive and 85 contained unspecific agglutinins. They found 
9 new species containing blood group specific agglutinins. Kriipe 
(79) examined the seeds of 168 leguminous species using also 
the red cells of sheep, rabbit, guinea pig, cow, and hog, in 
addition to human A,, A,, B, and O cells. He discovered several 
new species exhibiting anti-H activity’. A survey of his results 
shows the almost regular occurrence of an agglutinin of the type 
anti-man, anti-rabbit, anti-guinea pig, anti-hog in the seeds of | 
the tribe Vicieae (Vicia, Pisum, Lens, Lathyrus, Abrus). 

In 1953 Ottensooser and Silberschmidt (114) made the 
striking observation that the seeds of Vicia graminea, which 
grows in Brazilian woods, contained an agglutinin with a specific 
affinity for the agglutinogen N. 

In 1954 Schmidt (131) detected an agglutinin, which canbelie 
nated strongly human B and O red cells, in the seeds of Evonymus 
vulgaris (Celastraceae). The agglutinin was found to be present 
in the aril but totally absent in the cotyledons. In 1955 Bird 
(15) published a compendium of the seeds of Indian plants 


1) Animal anti-O agglutinins are commonly divided into two groups: 
those which are inhibited by the saliva of a secretor person, called anti-H, 
and those which are not, called anti-O. So far as is known to the present 
author, plant anti-O agglutinins discovered thus far all belong to the former 


group. 


Dolichos biflorus, in whose seeds he had previously found an 


+ nti:A-agglutinin (5). In 1955 Ottensooser (445, 416) studied 25 


Brésilian Vicia: species and found anti-A agglutinin. in the 


geeds of Vicia peregrina. He also used: the red cells of 14 animal 
» species and noticed marked differences between the agglutination 


spectra of various Vicia species. Tiggelman-van Krugten et coll. 
(144) studied the agglutinin content of leaves principally, but 
also of the seeds of many species. As test cells they used the red 


. corpuscles of chicken, guinea pig, sheep, and human A, B and 


pt ‘ofthe plans 


elilipsbintene: anibite: using the red cells of 7 animal species 
_ and found unspecific agglutinins in 26. The seeds of ali species 
- but one proved inactive. Continued studies (44) led them to the 
conclusion that agglutinins occur in those parts of the plant, 
where protein is accumulated as reserve nutrient. Agglutinins 
had been detected in seeds containing reserve nutrient, in potato 
tubers (103) and in the milky juice, which they also thought was 
to be regarded as reserve nutrient. The agglutinins make their 
appearance in seeds at a certain stage of development, they 
increase with an increase in protein, and. vanish-as the reserve 

nutrient is used up ‘by the germinating seeds. 

Reports on the occurrence of agglutinins in the 
stems of seed plants are contradictory. The preparate called 
robin, which was found by Lau (93) to agglutinate the red cells 
of different animals, was made from the bark of Robinia 


 pseudoacacia, Kritschewsky (74) reported» a discovery in the 


leaves of Echeveria Scheideckeri of substances agglutinating 
bacteria. According to Marchal (102) and Kripe (84) this 
¢agglutination» was due to tannin contained in the leaves. 
Eisler and Portheim (44) did not find agglutinins in the leaves — 
_ of Phaseolus multiflorus nor, as a rule, in the stems, whereas 

Cazal and Lalaurie (30) reportedly detected weak agglutinins 
in the leaves, stems and tops of Vicia cracca. Despite his repeated 


@xamined by him. It. comprised over 100species, among them a 
* * 3 
: 
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attempts Kriipe (84) has never beer able to demonstrate 
agglutinins in the leaves, stems or roots of seed plants. 

In 1956 Tiggelman-van Krugten et coll. (144) determined the 
agglutinin content of 313 plant extracts, the majority of which 
had been prepared from leaves. They reported that most of the 
extracts contained agglutinins. As part of the leaf extracts 
agglutinated the cells of different animal species very selectively, 
the phenomenon cannot be easily ascribed to tannin. The 
agglutinins, however, stood boiling for 5 to 60 minutes, so at 
any rate they are not substances identical with seed agglutinins. 


2. OCCURRENCE IN NONFLOWERING PLANTS 
In fungi 

The occurrence of hemolysing agents in fungi has been known 
for a long time (1). The first fungous agglutinins were found by 
Ford (49). Galli-Valerio and Bornard (55) attempted a differ- 
entiation between fungous species on the basis of the varying 
agglutinative properties. Their endeavours, however, proved 
futile. Several mass investigations into fungous agglutinins 
have been carried out since then (45, 4, 84). The first blood 
group specific fungous agglutinins were discovered by Elo et | 
coll. (45). Marasmius oreades was found to contain a fair anti-B 
agglutinin, and Hygrophorus hypothejus and Psilocybe spadicea 
an anti-A+B. 

Ottensooser (115) did not find agglutinins in such fungi 
familiar to bacteriologists as Absidia, Alternaria, Aspergillus 
flavus, Aspergillus niger, Candida albicans, Cephalosporium, 
Chaetomium, Hormodendrum, Monascus purpureus, Mucor, 
Penicillium, Rhodotorula, Rhizopus, and Saccharomyces cerevi- 
siae. 


In lichens 


Estola and Vartia (47) studied the agglutinins of one hundred 
Finnish lichenous species using different human erythrocytes 
in saline and AB serum milieu. They found unspecific agglutinins 
in 8 species, of which 5 belonged to the genus Peltigera. 


|| 

‘ 

: 


jon. in the former: thermolabile. 
 Freatment half‘an hour at +56°C does not ‘reduce the 
_ Setivity of seed agglutinins in the least (84), while it destroys — 
_ several bacterial hemagglutinins (73, 114). Similar observations — 


Ihave been made concerning the agglutinins of viruses. Blood 


Mention. wae, the. studios ‘Eisler and 
above, on the basis of which they came. to the conclusion that 


aggkutinins are found in those parts of plants where proteins 


are,accumulated as reserve nutrient... 

dRenkonen (190) madean interesting observation 
| thie: antic specie. in. the 
- geeds. of those Vicia cracca specimens the number of whose 


__ehromosomes (2n) was 28, 14 or 27. If the number was. 24 or 12, 


pecently confirmed by Ottensooser (145). . 
plant and what their function is, even guesses have been put 
‘forward by serologists. only. Punin (418) suggests that the 
- agglutinins are actual antibodies detailed to counteract soil 
- bacteria. In support of his view Punin presents the fact, which 
“he has observed, that Bacillus botulinus and B. histolyticus are 
agglutinated by the extract from the seeds of Laburnum alpinum. 
The anti-H agglutinin was absorbed by these bacteria as were 
also the agglutinins by O red cells against the bacteria. | 
. Krtipe (84) calls attention to the affinity of the agglutinins 
for monosaccharides and oligosaccharides (which affinity will be 


a m and occurrence of agglutinins in bacteria. Many bacterial a 
‘exhibit definite ‘selectivity towards the red 
ot “different” animals. 
| 
¥ 
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treated later) and suggests that botanists undertake to examine 


the function of the agglutinins as binders of carbohydrates. 


., Krtipe (75) hints at a possible relationship between the 
agglutinins of the leguminous species and the bacteria of the 
genus Rhizobium, which are found in nodules on the roots of 


the Leguminosae. Ottensooser (115) says that agglutinins occur 
chiefly in the family Leguminosae and thinks it possible that 
Rhizobium infection has stimulated the production of antibodies. 


. We-have found that the extracts from Trifolium pratense, 
Pisare setivain, Vicia faba and Phaseolus vulgaris seeds do not 
agglutinate their own Rhizobium leguminosarum strains nor — 
the strains of one another. Agglutination of human red cells by 
these extracts was not inhibited by bacterial Siiehaiaii nor by 
extracts 


ce OCCURRENCE OF AGGLUTININS IN THE SEEDS OF THE FAMILY LEGUMINOSAE 


; ) The present author studied the occurrence of hemagglutinins 
in the seeds of leguminous plants. He had at his disposal 1408 
samples of seeds representing 743 species from 165 genera. 


Material and. methods, 


plants were identified by means of flowering specimens. Part of the samples 
was secured from the Botanical Garden, University of Helsinki. The greater 
part of the seeds, however, were received from the principals of different 
botanical gardens in the six continents by Professor Renkonen, M.D., Head 
of the Department of Serology and Bacteriology; University of Helsinki, 
who placed them at the author's disposal. Considering the origin of these 
samples it seems safe to assume that the species were correctly identified 
in general. By way of doublechecking, the appearance of the seeds was 
compared and in a few cases the seeds were sown and grown in the Botanical 
Garden, University of Helsinki. As the grown plants could not be brought 


to flower, recognition of the species was impossible, whereas that of the 


genera was possible with a high degree of probability. No evidence could 


_ be found pointing to wrong identification by the dispatcher. The seed samples 


studied were nearly all well ripened. In some cases the author had to make 
do with only 100 mg of seeds, which considerably inconvenienced the work. 
- The human red cells representing the different blood groups and used as 
test cells were secured among the typed personnel of the Department of 


3 
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chicken were:obtained from healthy, intact test animals of the Department. 
The bovine blood was obtained from the State Veterinary Laboratory. 
+ Bémples taken from s given animal species could be from different individuals 
at different times. 

“gn. the basis of the testa described in Chapter I. A method as simple as possible 

titrations. 
19. The pH of the crude extracts varied from 5 to 7. It was decided, however, 
that unbuffered solution would be used because: 1) Agglutination by most 
extracts was found above to be largely independent of pH. 2) In not a single 
case were higher titres obtained with the buffered extracts compared with 
those obtained with the unbuffered extracts. 3) A fully reliable standard 
would not have been available by which to choose the pH of the buffer to 
be used. 

The tests were carried out at room temperature (18°—20°C). The incubation 
time was 1.5—2 hours. If an extract proved inactive, the tubes were allowed 
_ Agglutination was read with the naked eye. 

“-) Agglutination in AB serum milieu. This had turned out to produce 
results comparable to the albumin method at least, besides, it was cheaper 
and more convenient. Two drops of 2 % red cell suspension in AB serum 
was added to one drop of seed extract in saline. The final serum concentration 
was thus 2/3. 

2) Use of papain treated red cells. The red cells were prepared by the 
method described in Chapter I. Two drops of 2 % suspensiun in saline was 
added to one drop of seed extract in saline. 
8), Agglutination in kollidon (polyvinylpyrrolidon) milieu. The red cells 

caeacnemeeded in 3.6 % kollidon solution, which contained 0.9% NaCl. 
Two drops of the red cell suspension in kollidon-saline was added to one 
drop of seed extract in saline. 
_ Methods 2 and 3 were employed in order to find out if. also among plant 

agglutinins there are incomplete agglutinins demonstrable by these methods 
but incapable of agglutinating intact cells in saline or. AB serum milieu. 
_. Five kinds of human red cells as well as the red cells of cow, sheep, rabbit, 
guinea pig, and chicken were used for test cells in the teste that belong to 
this chapter. The human cells represented the blood groups A,, B, 00, MM, 
NN, 8, ss, P, Ppp, Rh+ (D), Rh— (dd), Le(a+b—), and Le(a—b-+-). All the 
extracts were tested with the human red cells in saline and AB serum milieu. 
The extract was used undiluted, in saline milieu also at a dilution of 1/16, 
so as to allow for the possible prozone phenomenon. If agglutination or 
hemolysis occurred, the extract was titrated against all the cells. On the 

basis of the results obtained the extracts were divided into three groups: 
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1) Extracts that showed no visible effect on the red cells examined when 
these two methods were employed. If enough seeds were available, the 
samples were still examined by means of three kinds of human red cells 
representing the blood groups A,, B, OO, MM, NN, P, pp, Le(a+b—), and 
‘Le(a—b-+-) using the papain and kollidon methods. They were further exami- 
ned with the red cells of the above animals by the saline method. If, in 
these teste, any of the extracts yielded markedly different titres when 
various human erythrocytes were used, they were transferred to group 3. 

2) Extracts that either agglutinated or hemolysed human red cells in saline 
or AB serum milieu but whose titres against different kinds of red cells 
were identical. About one third of these were tested, as in the first group, 
with three kinds of human red cells using both the papain and kollidon 
methods as well as with the above animal cells in saline. Because this group 
included numerous samples of closely related seeds and because, as it turned 
out, the papain and kollidon tests did not detect blood group specific 
agglutinins in this group, these additional investigations were not carried 
out into all seed samples. Closely related seeds in many cases also showed 
similar agglutination characteristics and selectivity towards the different 
animal cells. For this reason the samples of this group were not all tested 
against the animal cells either. 

3) Extracts that either in saline or in AB serum milieu agglutinated human 
red cells selectively. If enough seeds were available, all such samples were 
tested by the papain and kollidon methods using different human red cells 
as well as by means of the above animal cells in saline. These seed samples 
were also subjected to further investigation in order that a more detailed 
study of their specificity might be possible. These tests are described in 
Chapter ITI. 


Results 


The results are given in Table 5. The sequence of the species in 
it is that of the taxonomic system. The subdivision of Willis 


TABLE 5 

A list of the Leguminosae seeds examined, by the present 
author or by other investigators, with regard to the hemaggluti- 
nin content. 

If the results from this investigation, given by different samples of a 
species are reasonably similar, they are given on the same line. If the results 
differ from one another appreciably, they are given on two lines and the 
number of both types of samples is stated. 

In the cases where the reasonably similar results from the author’s different 
samples of a species are all presented on the same line, the samples are repre- 
sented by a specimen giving an average agglutination titre. 

Earlier data on species not examined in this study are presented on their 
appropriate lines each, among the other results. Their names are in parenthe- 
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ses immediately followed by the corresponding number of reference. If there 
are several results from studies by earlier authors and these conform to one 


‘another, the most extensive or earliest is presented in the table, the other 


_ateference numbers are given in the last column. 


_. Ifthere are earlier data on species studied in this investigation, in agreement 
with the present author's results, the references will be found in the last 
column. In the cases where earlier results do not conform to those of the 
author, they are presented according to the same principles as those species. 
which were not studied in this investigation. 

The order of the subfamilies and tribes follows that adopted by Willis 
(149). The genera of a given tribe and the species of a given genus are in 
alphabetical order. If a species has several names, the most commonly accep- 
ted-is used as a rule. by earlier 
these synonyms are given. 

The places of origin of the author's seed samples are indicated in the 
third column with numbers which refer to the code below. It was not possible 
to ascertain the place of origin in some cases. If the samples of a species were 
numerous, there was not enough space in the table for every number of 
the place of origin. 

NaCl = red cells in saline 

serum = red cells in serum 

papain = papain treated red cells in saline 

koll. = red cells in 3.6 % kollidon-saline 

— = failure of the extract to cause an agglutination or a hemolysis 
+ = positive agglutination, titres not published 

w = weak agglutination by undiluted extract 

A, B, etc. = anti-A, anti-B, etc. specificity observed 


h = hemolysis 
The denominator of the final dilutions causing a clear agglutination is 
given in the table. 
No. Place of origin Country No. Place of origin Country 
1 Achimota Ghana 16 Bonn Germany 
2 Adelaide Australia 17 Bratislava Czechoslov. 
3 Algiers Algeria 18 Braunschweig Germany 
4 Alma Ata USSR 19 Brazil 
5 Amsterdam Netherlands . 20 Bremen Germany 
6 Angers France 21 Brussels — Belgium 
7 Antwerp Belgium 22 Budapest — Hungary 
8 Barcelona Spain 23 Buenos Aires Argentina 
9 Basle Switzerland 24 Bydgoszcz Poland 
10 Bergen Norway 25 Canberra Australia 
11 Berkeley U.S.A. 26 Cantonspark Netherlands 
12 Berlin Germany 27 Chelsea England 
13. Bern Switzerland 28 Coimbra Portugal 
14 Bialystock . Poland 29 Colonia Uruguay 
15 Bogor Indonesia 30 Copenhagen Denmark 
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Hamburg 
Heidelberg 
Helsinki 
Istanbul 
Kingston 
Kirstenbosh 
Kobe 

Kéln 
Lausanne 
Leiden 
Liege 

Lille 

Lisbon 
Lisle 
Ljubljana 
Lodz 
London 

Los Angeles 
Lyons 
Mainz 
Marburg 
Minden 
Montreal 
Moorestown 
Moscow 


Finland 
Turkey 
Jamaica 
South Africa 
Japan 
Germany 
Switzerland 
Netherlands 
Belgium 
France 
Portugal 
U.S.A. 
Yugoslavia 
Poland 
England 
U.S.A. 
France 
Germany 


. Place of origin 
Nancy 
Nantes 

New York 
Northampton 
Osaka 

Oslo 
Ottawa 
Pradubice 
Paris 
Peking 
Potsdam 
Poznan 
Prague 
Pretoria 
Prihonice 
Rennes 
Rome 
Rostock 
Saharanpur 
Saitama-Ken 
St. Gallen 
Sapporo 
Singapore 
95 Stockholm 
96 Sydney 

97 Tashkent 
98 Tenerife 

99 Tokyo 

100 Toronto 

101 Turku 

102 Uppsala 

103 Vacratot 
104 Valentine 
105 Vancouver 
106 Warsaw 

107 Washington 
108 Wien 

109 Wroclaw 
110 Wirzburg 


111 Zagreb 


Czechoslov. 


Czechoslov. 
France 
China 
Germany 
Poland 


South Africa 
Czechoslov. 
France 
Italy 
Germany 
Indian U. 
Japan 
Switzerland 
Japan 
Malaya 
Sweden 
Australia 
USSR 
Canary Is. 
Japan 
Canada 
Finland 
Sweden 
Hungary 
U.S.A. 
Canada 
Poland 
U.S.A. 
Austria 
Poland 
Germany 
Yugoslavia 


Continued 


| 4A 
. Place of origin Country Country = 
Darmstadt Germany France 
Debrecen Hungary 
Dijon France U.S.A. 
Dresden Germany U.S.A. 
Essen Japan 
Firenze Italy Norway 
Frankfurt a.M. Germany Canada 
Fulda 
Gatersleben ” 
Giessen ” 
Glasgow England 
Goteborg Sweden 
Gottingen Germany 
Graz Austria 
Greifswald Germany 
Halle ” 
50 
51 
52 
53 
54 
i 55 
56 
57 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 Canada 
70 U.S.A. 
71 USSR 


q q q q q — 
q q q 4 q q | — 
q q *qiQ) — 
q q = q Si... 7 ids — 
q q q q q q I ‘alog eye[ndys — 
(221) (epront) — 
og; 4 q q q q q = q 19 1994 
Biowoy yooqqo] — 
og; 4 q q q q q q Is} — 
(31) — 
q q q q q q if BIVUIG VIZZIQTY 
avesuy 
2PM? | | | Boo Fie 5 
JO pox oy} ysurede 


943 Jo sosed 049 UO ore 
04} 04 preZor Aq 10 yuoseld Aq spoos 944 Jo 4ST] 


| 


| 
a 
if 
i 
3 
4 


0€ 


ST 


— 

— 

‘SUI — 

‘ig — 

(0g) (PIAA — 

— 

(0%) — 

Vyeqreep — 

‘PITA — 

— 

"PITTA — 

(6L) — 

‘uuny — 

(0€) — 

— 

— 

— 

(og) — 

(og) (‘uung sdoposo) — 

— 

_ (08) — 

‘uung — 

— 

— 

— 

euedopreq — 

(231) 

“y Borqere) — 

— 

(og) (‘uung Bounpe) — 
Bolursshqe 


; 
| | Bs 8s 
‘ 
z 


BURIZOTIEA — 
(0g) WurzzeZedg) — 
myZimquioyos — 

voripnd — 

‘yjguny edivodjod — 

‘og 
‘qqueg vone[s vuovoney 

snygueuse 


61 

OL ‘8% 
| 61 
is i | 8 


| 

| 

| 
la 
| | 

| 
lala l 
te 


| woot — 
‘uung eyAqdousys — 

(0g) (‘uung — 
(0g) (‘OH — 
dete (og) Buses) — 
I Bpiqni — 

eyjyueuodd — 
(0g) Sueoseqnd) — 
| starouruued — 

96 I JeqeIg snipeohxo — 

8 1 Ig uojAxouvjou — 
— 96 “youn, wuepreu — 


| 


es UI ‘Toy | 


JO por oy} ysureBe 
943 Jo soded 48113 043 UO (p,3u0>2) 


poos 


. 
| 
4 
= 
= 
= 
a 
an 
| 
qee 
ea 
te] 
a 
2 
ao 
Ge 
| 
| 
| 
| 


ST 


61 


ST 


(FH1) vowreg) 
‘Ug 


BIOPUIg 
(Og) — 
— 
(Og) erozredog) 


II 


(og) 
BOTUBARE — 
eyong — 
— 
(og) (‘YQueg 


‘yjueg 
(0g) (Od 


‘Od sidosoig 

‘qjueg 
vuruoaed 


PIM | 


| | | a | | | 
| | | = = 
| | a a a | | | 
| | tee | 
: 
2 


sisi —j—jJ—|- 1 ‘SoA — 
+49 8 | 8 — 
+ (0%) wnaysenbyts) — 
6L — ae = SL ‘FG ‘L wnaysenbyis — 
N _ Zi — 
mM € I — 
8 N 1s} T — 
ao 


049 Jo soded 04} UO ore (Pp,3Uu02) ¢ 


| 
i | 
| 
| 
| 
f 
| 
pire 
i 
§ 
; 
| 
| 
Va 
j 
Se 
wits 
q 
i 
| 
| 
| 


O€ 
0€ 


OF 


0€ ‘IZ 


0G 


‘98 “Ez 
61. 


OL 


| 


= 


— 
— 
(ZZ1) — 
(0g) 


8103 — 
(0g) — 
— 
‘Od — 
— 
— 
(0g) — 
vpuoy — 
evsopou — 
— 
(og) (bower eurorxeyy) — 
— 
‘u0g — 
— 
— 
(og) — 
— 
— 
‘uunyg — 
(og) (‘wey — 
‘Ty — 
‘Bodg — 
— 
— 
(0g) (TT — 


: 


| GIS — | if ‘yooH sucoseqnd erydeg 
avasoydog 
| | | | AVLVNOTTIdVd ‘IIT 
| 
| | | (og) 
is} I sisuouryo — 
| — (0%) — 
| | | — (0g) (wordsvo | 
| | — (og) (quiog — 
| | 
(ou yor) og 5. 7, 
synser | |, | dooys | moo See | BES 


943 Jo sosed 04} UO ore (p,2u02) 


| 
q 
a 
g 
A 
g 
} 
gin 
| 
| 
| 
4 | 
| 
=| 
= 
M 
| 
4 
} 
| 
bd 


O€ 


“OG “GET 


66 
66 
66 


6L ‘LL ‘0Z 


Of 


| 


| 


d+v 


| 


H 


ao 
ot 


> 
t 


I8 


FOL 
901 “8% ‘8 
C6 ‘16 ‘ZI 

POT 


won 


‘ug — 
‘uung suesund 

— 
"Wg 
"WE 

— 
‘ZOA eidopAD 

— 
‘|pury 
‘USSIOPY 

— 

(0g) — 

— 

“gq ‘uAS — 
ig evisydeq 
(0g) 
avapsAjepod 


sapjoqoso — 
Bayny — 
— 
(0€) ("J 
THA — 
‘Bey — 
— 
voyuodef — 
vioydog | 
‘bove edivoAssep 


4— Mikela 


| 
Ag 
} 
| || 
| : 
| | | ba 44 | | | 
| 
| H | | H 4 
= 
= 
a 
an 
} 


CZ) I ‘ug — 
| | — = | — Lol € sngeorduioo 
| | ‘y ‘uds “Od sndivoouspy | 
| | | | 
| | — | — | if ‘wg Byephuep | 
| (og) Bsoucre) — 
— | - — — |— | — 
Og | LZ I ‘yqueg 
ut 1104 ureded) unsos | 
8}[Nsel | dooys | M00 usul 
| 


049 Jo sofed 049 UO ore (p,3u02) ¢ 


\ 
| 
i 4 
i 
= 
26 
wu 
4 
| 
i 
4 
| 
i 
3 
2 
| 
? 


Gel 


PPI “LT 


ST 


O€ 


9T 


H | - 

| 
| — | 
| H | 

| | H H 
| H 
M 
H | H 
| H 
| zig | 8 | ze 
14 
AA 
| | | $31 
| | ze | ae 
— | M 


| 
LOL ‘89 

| 


C8 ‘$9 
cg 


(sngeztdeo) — 
‘uds “doog — 
(0g) — 
— 
(6L) — 
sIsuolzeuvo 
eystuery ‘uds “pneqg — 


— 
(6L) — 
snojuesse — 
(6L) (snqie) — 
(zz1) (snqe snsyA 
‘Ty BsoonleA — 
sisus0wesesn — 
— 
— 
(0g) — 
— 
*pnoyg — 
vuryned — 
— 
— 
(0g) ("J veounf) — 
voounf — 
Ayosjoy vipowseyur — 
— 


9) 


| 
2 
an 
| 
| 
| | 
19 
| 
|_| 


— |— | w!— |—| w | ao! ze | ze 86, I — 
— | — | — | | H | H ot ‘uwog — 
| (0g) snoyuod) — 
_ (og) (Banosqo — 
RZ I ‘y] snuynpued — 
(og) stsuereuiso) — 
H H LZ I “IBA as 
H — 
(og) (bug — 
(0g) (Od — 
| |= (0g) — 
H | H | snojsvoned 
ut jureded wines | 
ard BFS | 


hg 
© 
> 
2 
3 
4 
a 
a 
=| 
= 
8 
| 
Ry 
x 
~ 
= 
¥ 
° 
— 
w 
a 


6L ‘IZ 


6L ‘OE 


O€ 


O€ 


O€ 


6L 


6L ‘ZI 


9T 


‘SP 

OL 

‘69 ‘LE 


LOI ‘88 ‘ZF 
Lol 


‘6F 


OLT “FF 
LOT 


Il 


| 


(og) 

(0g) vormqts) 

(0€) 

"I 

(0g) (vorourns) 

(6L) 

snqeipel ‘uds “doog 

‘Od 

esozid 

40 

(0€) (‘Tod 

(0€) ("J voruegisny) 

(og) (esngramny) 

‘Od 

voruedsty 

(0g) (301g 

(0g) 

(Og) (eBuery 
9° “Teg 

“[sorg 

voysue 


‘OC 


[OMA 

“STA 

snujdns 

(og) (snuerqoedgs) 
*yury sniedoos 


= 
| ~ 

| 


| | | (0g) (‘swig snoroqie) — 
| | (6L) — 
| | | | | (og) (‘ddiq — 
| | | | | | | (6L) — 
6L “GL ‘SI | 1) sopjosASeue — 
| | | | | — 
| | | | (0g) (tanurdye) — 
| 6L ‘gL — | H | H ‘sag wnuydje — 
| | | (og) wnuingeT) 
| | | | ‘suIg sUsoseqnd — | 
aie g I ‘0g Byeyequn 
| (0g) — 
| | H | ‘yolg — 
| | — | | (6L) | 
8}[Nsex yoryo dooys | Moo ueul . BES 
JO s][90 por oy} ¥ 


| 
| 
7 
> 
o 
3 
‘ 
© 
= 
° 
= 
4 
3 
| 
$ 
=> 
° 
wn 
tu 
a 


OF 


6L ‘OF 


OF 


Of 


0€ 


| 


| 


8% 
LIL ‘OL 
8% 

86 

86 

LOT ‘88 
88 ‘29 


‘OU 


(og) — 

‘qs107 snueu — 

(og) — 

— 

- 

snaedoina — 

SNSUOP 

‘Ig esngor | 
‘qd 29 snuesiqnu — 

winoounf unyaedg 

snizedoos snumeyyorrg 

eynsity 


| 


snsourgoqns — 
‘sqAy [Jossny — 
(og) — 
‘yury snyAqdAjod — 
(og) snsopid) — 
— 
(0g) snyeuso) — 
(og) snueu) — 
(6L) - 
‘sulig — 
(64) — 
(6L) (sngnsirq) 
(og) (M 9° “H — 
(og) — 
(0g) (usefsnoq) — 
(0g) (‘YQueg — 


| 


Gg 
~ ile 
| | | pa | 
| | | tk | 
| | | 
| 


— 
(ZZ1) — 


H | | 
| | | 
| | | | (0g) | 
| | | 
| 
| 


xtjoy “dss ‘zyoy — | 
— 190 ‘ce | 
(og) — 
(0€) CPIM — 
vuyndny — | 
(0g) (epoyY — | 
| | (og) voowddey) — | 
| 


THA — 


‘ 


‘TEN — 
edaeoAjod ‘uds epidsty — 
| | | (PIM — 
| | (og) (PIM — 
(0g) snuryoo) — 
(0g) (‘Tpuedg vyeurqoo) — 
801 I JMM 
(6) — 


A 


ur jureded| [oen 


yorgo 41qqe1| dooys | moo 


sojdures 


pos 


jo 
“ON 


sojdues poos 


JO por ysureZe 


949 Jo 04} UO ore (p,ru02) ¢ 


a BFE 
88 = - 
| | | 
| | | | 
| | | 
a | d 
- 
| 
| d 
| 


0€ 
Of 


| 


6L ‘OZ 


6L ‘OE 


| 
| 


= 


cg) 
ZOL 


LOT “101 
6£ 


| 

"| 

8L “62 
| 

| 


g8) 


6F 


| 


(0g) 
(0g) (aeqerqog untpeq) 
(og) 
(og) (@ wunZiqure) 


(6L) 
yong snyoqoorrg 


99 
(og) (ry Bsourds) 

(6L) suede) 
(0g) (‘uizyeg 
xuyeu 

‘bower 

‘| 39 

(0€) (seq FIG) 
(0g) (‘TT 
(0g) (sueoser0qie) 


sepromoedoye stucug 


(0g) 


| 


“PIEM 
(6L) 
BAT}ES 


= | | | | | | 
Aaa 2 «al | | | | | | 
«al | | | | | | 
| | | | | | | | | | | 
| | | | | Bane 


(0g) (‘A099 soposdyd) — 

(0g) (aeqeryog sueyed) — 

4 | | | (og) — 

}— | — |= (6L) (wnoruouurd) — 

| | | (og) wmoneforyoo) — 

(0g) (‘ALA — 

— (og) — 

| (og) (avg — 

| 


= (og) — 
(og) wnoysnsy) — 
— (og) (401g) — 
(0g) — 
| | (og) (ry — 
| (rT — 
| | | (og) — 


(‘ou aid 

yorgo 41qq21 | dooys | moo 


JO por oy} 
943 Jo soBed 04} UO ore FIGWL 


sojdures poos 


a 
“i 
sojdures 
908 
= 
( 


‘03 


GSI 


6L ‘OE 


O€ 


0€ 


6L 


801 
‘801 


} 
| 
| 
| 


26 ‘IL 
19 ‘8 


| 

} 

| 

LOL ‘SF 
99 


601 


“66 


Anoy 


(6L) ) 


— 


(0€) septoqoT) 
‘uloy tumborr 


(og) (rT - 
StAop-equeg 


‘rT 

‘lag 


(og) (‘49g BURLIOSSOg | 


(og) 
(og) 
(og) (3M 9° 
(og) (ry 
(og) (‘ry 
(6L) suaqna) 

(og) (ry 
suodou 


t 
4 
| | | | | | | | | | 4 | 
| | | | | | | ia 
| | | | | | | 
| | | | | | | 
fe 


H | H | ‘LE | 
H H | ‘AoW 9° — 
og] — — - | ane 8z| — 
| —|- 86) 1 ‘d 7° — 
_ — os} snoewqooes — 
one (o€) (I — 
| 3 snoyjero — 
| — | 60 ‘e ‘ol 9 — 
ZOL ‘8Z ‘q01g — =| 
| H H — | 
| I snueuers — 

943 Jo soBed 043 UO ore § 


. 
— 
q 
4 
4 
- 
a 
i 
4 
3 
4 


} OF | | — M M 

| | | a 

02 | | 


19 ‘8! 


8L 
£8 
€8 “SL 


98 
SL ‘09 
801 “SL 


99 ‘98 ‘9 


GL ‘LE 
LO “OZ 


— 19 


N 


66 


sndvoxe 
[eBay 
(0g) (‘TT 
(Og) 49) 
19010 
sisuourgo 
sisuopeuvo 
(6L) 
‘bower 
souor “J 
‘uAs “ry snutdye 
sopromoodoye 


suoZinspe snieseysy 


‘ysing 

“PPOT 

(0g) 


avosajen 


wowpu 


(0g) 
snsoursyn 
‘yous0yy sneindind snqojouos 
10 ‘uAs “TT 


| | 
| | 
| | 
N 
t 


— | — — — L6 I — 
| | | (0g) (Avag — 
| | (og) snsouued) — 
| (0g) (‘wey — | 
| — | 
| — | — | on —|—j 99 2 — | 
— |— | | | — (6L) (snuuxeu) — 
| (og) (‘wey stsucrisseu) — 
| oc] — | I — | 
| snoindind ‘uds “ry | 
| | — (og) — 
(0g) stsuogeueis) — 
| ‘uds “ry — 
— |— — | (6L) — 
e.‘oe} — | — | — 
ut 110% lureded) wn.sos | | 
aid an | 


Jo sosed 48113 UO (p,3u0>) § 


4 
‘ 
; 
4 
4 
5 
is 4 
| 


6L 


OF 


OF 


6L 


‘OF 


“Oe 


nel 


91 


= 


I 
GE 
91 | 
aqt+vVidtv 

| 99 
9T 
#9 8éI 
AA 


OI | 


89 ‘FE 


= 


a 


— 
— 
“IM — 

‘Ig 
(0g) — 
vsourds — 
‘yosney, — 
Sry — 
‘Od — 
— 
‘wey — 


(0g) — 


‘IVUIOY — 
yooy — 

Susoseynay — 

(6L) — 

(og) esuep) — 
— 

(og) — 
‘wey nsepweyg — 

‘qjueg euridstaciq — 

(6L) — 

— 

(og) (euysoy voeruvine) — 


(0Z) — 

— 
‘syooyg 
(og) 
shupejeg 

(og) (seprotota) — 

(0g) (‘ATO snsea) — 

(61) — 


| 


© 
| 
| | | 2 | | 
| 
| | | | | | | | 
| 
< 


VO] 


O€ 


sig | 993 | | 101, — 
| | | | (og) (‘UyssneP 
| (0g) COM seproyesosd stsdouredD) 
| | | | | 2 | (0g) (sueosejora) — 
Ut jureded) unses| [OeN 8 


943 Jo soBed oY} UO ore (p,3u02) ¢ 


| 
i 
‘ 
4 
: 
| 
i 
4 
2 
: 


= — 66 BINUINSYLI — 3 
| (of) (‘qreay — | 


(og) (‘sstog 40 — 
| (og) — 
— 
(og) — 


| — —_ | suoosoyniy — 
| (0g) ensogq) — 
| — (og) — 
(og) — 
| (og) (‘yng — 
91 | ett 91 16 ‘880A UoIpuepoTey — 
— | | ste - | | F201 | #9 9% 
og] — - - — - I ‘ysing wyopide, — 


M 


M 


| — | 


T 


L6 ‘69 
| 
| 


LE 


L6 


*£) *uAs | 
(og) (‘qosney, 


| 
| 


*TITI@ry ___._ 


= S 
2 
=. 
| 
| 
| 
© | 
Tan} 
| | | 

| 

| | 
> 

OF 

| 


| | (0g) — 
| | (0€) 49 
—~ (0g) (e8ung — 
(og) (Od esopd) — 
(0€) (‘Ysing — 
—_ | — I wotuodef — 
| (og) (‘sueg — 
| — | 819 | F201 | 8 91 66 ‘S| voruodel 
OL; 1 poxrur ‘— 
98% | 99% | 99% (PI) — | 
— 
| deoys | moo ueul | 
| 
s][90 por 049 ysuTeZe 


i 
x 
4 
4 
‘ 


I | — | g | I 49 SAIZOGAYORIG 
cI} 1 ‘yooH — 

$9 — | — I ‘uInyog — 
— — | — | — I ‘Od 

| | | (og) (qney, — 
; | | — (og) (20H 
| | “IVA “IG — 
q q q OL; 1 "yqueg veorund — 
q q q | q €Z I — 
4 q q q q cI ‘Mog — 
: (0g) — 
os] — | |-{- FL BSOOSIA — 
| | | + | (0€) (‘Od vsonq104) — 
| | | | | Ol LOL ‘BL; "S80A 
| VURIUSTROOpP VULIOJ Blovoe-pnesd — 
| | | (0g) 

6L ‘OZ | 68 | — | #9 | 8 | BE OOT ‘sz 9 Blovoe-pnosd — 

| | 8 | | — | or | Away — 

| | | | | | + | (og) (‘uyog — 

: | 9t | | | — BIg | sig | ot | ‘sslog — 
| oe] sct | ot | | | sari s 91 ‘OL| epidsty vruiqoy 
1 


¥ 
¥ 
ke. 
Be 


| (og) (Od suepucospe | 
| | | | | (og) (styeurmra) — 
: | | | (6L) — 
| | | | | (og) woount) — 
0€ |— — | (6L) sueZoje) — 
| | — | | | us | — 
| | | | | | avosesApay 
#49" dooys | Moo uew a 4 
949 Jo soBed UO ore ¢ 


| 

: 


6L “OE 


GSI 


0€ 


0€ 


| 


69 
69 ‘6F 
6F 


86 


A 


stderooddiy 


— 
‘Og — 

(og) ‘rea )— 
‘Ty winmmosqo — 

— 

(0g) (‘uiseg wnoruodef) — 

"EL 3° “Yog — 

(6L) (‘J wnsonxey) — 

(og) — 

— 

(og) (wngezideo) — 


(08) 


‘rea unuidje — 
"T wnuidje wnies{poy 
esung 

‘Od — 

‘uog — 

‘Od — 

(og) (oq — 

— 

‘Od suviks — 

winsouynys — 

(0g) (Od wnoyesues) — 

(FRI) — 

— 

‘BOA — 

Fed — 


(64) (Yoox, wngepidsno) — 


oO 
| 4 | ve | | 
=; 
Sy 


| (og) (e8ung — 
| — — 
| og) ids — 
1 YBN Bsnjor — 
{| — (og) (pyey 
| — | — — 18) esoulloy — 
oo | — |e ‘99 ‘ol wzopodsar] 
(og) Bsooristun) — 
| | | 
es ur ‘Toy |ureded | 
J Bid 
JO por sorry, ™ 


943 Jo sosed 044 UO (p,3u02) ¢ 


> 
— 
| 
— | 
4 
' 
‘ | 
| 
i 
3 


CT ‘OG | | F jorS | GE | FEOT oI & sniqy 
| 
(og) (‘yqueg vydeosorneu) — 
— | | — — | — | = 1 9° “H — 
| (0g) 
6L ‘08 — | — — — | — | — | — ‘eo “'doog — 


2 


| | | 


| | 1 snqgnsiy — | 
0g | | — |» 3 — 

og | 8 (6L) — 

0€ 99g 91 I — 

| + (0€) Boyes) — 

| | Ree (og) — 
0€ — 8 | yooy snousfo — 
64 — | ve | se | — |— vo | ser | — | or ‘et ‘at wmnuewsjo — 
| | | (0g) — 
| | 91 I ‘Jog — 
| | | — | 1 | (62) — 
of | | | | | | OL | Le — 
| | | | — | Lg I ‘dey — 

: | | | | — | ¥9 — 

| 6L ‘Of | | —|8 vowyde — 

| | 8 1 snnuue — 

| 6L ‘Of | | — | 6| — 

| — Ze I ‘uey, 
| | | (0g) — 
| | iV | (03) 
Ur juveded) wines} 
| | dooys | soo ueur | 
- 
JO por 044 ysureBe 


943 Jo seed UO (p,2u02) ¢ 


4 
; 
Ry 
* 


6L “OE “SST 
OF 


OF 


6L 
O€ 


‘IS 
6L “Of 


t 


6L 


6L ‘OF 


Of 


GE 


$9 


GE 


GE 


cE 


| 
+ 6 


GOT “69 ‘OI 
69 


901 


SOI “LE *L 


91 ‘L| 

66 

66 ‘69 ‘Lo 


nN 


Ne 


‘A snqoig ‘uAds 
uyor “4g 42 
(JTYOM 
(6L) (sngoyoa) 
yooy snes 
(Og) 
(0g) (snqejnpun) 
snueyisuy 
‘rea 
(0g) (rT staysoayAs) 
(ZZ1) 
sjsuozeid 
stsuoqgeid 
(0g) sysnyed) 
staqsnyed 
snqyeropo 
‘Od 
snonejoryoo 
Brjosstu 
snesol ‘IBA 
‘u snqoig “quieg 
4° “sslog 


snowodef ‘ry -uds ‘jesig 


| 
“oe 
© 
| 8 | as | | 
| | | | = | | 
| | | | | | | | | ae 
D 
= 


| | | | Be | (og) (Oq eusedstp)— 
‘OE | | | we | 8 6L ‘Od — | 
| | (0g) — 
GL | | | 993 | — | 8 ‘OF vorqnsseo — 
— ge | |—] | est | — | 8 ‘sslog — | 
OTT — | ose | sig | — | — | 992 | ate | + | Ol 6z ‘s| | 
6L ‘OF Z1| I — 

| | | | | (0g) — 
| | | (62) (wangnsary winstg) | 

ze = | vuvraniod — | 
099 — | 99 | 993 | — | — | 99% | | + #9 | 101 ‘FI, 9 | 
4 suey “uAS | 

es ul ‘ureded | [OBN 

WMP M4924 | deoys | moo ueul it 


043 Jo 044 UO oe FIGWL 


0€ 
O€ 


9IT “6L “OE 


099 OLT “FIT 


0€ 


ST ‘OE 
OTT “6L ‘OE 


GE 


GG 


GE 

8 


91 


GE 


8 


#9 
91 


#9 
#9 


68 ‘ZI 
&Z 
tL 


GL 


6F 


“FF 
61 


LOL ‘OOT! 


i 


‘69 ‘OT! 
ZOl ‘6S “6E 
“6S 


Aa = 


‘BOA 

(0g) (‘19g 
‘Jsoq] soyyueuour 
‘Suoidg 

‘ug 49 

BURTOLAOpNy 

‘Buoy jo ‘dey 
‘LOT, 

‘TT 

epuqgay 

(0g) 

(0g) (‘doog 
‘doog 

(0g) (jestorT 
esung 

"TRA 

(911) 

(0€) 

(08) 

“SSIOG] STULIOJIAIO 


| | | | | 
nN + 2 | a 
| | | | | | 
| | | | 
© 8) D 


él I ‘WOH, — 
| | | zig | sig | — | 8 1 | 
— | sar | ser | — | — | are | | ky 6F — 
| | | (FIT) (wdavoor0s) — 
— | | | — | — oF 9 | 3 8 G6 ‘Lb ‘S| "FINA “A 
| | “yjoq edivorydme — 
(0g) ‘IBA BOYES) — | 
6L | ot | | — | — | 
| | 8 1 ‘AoW 4° “Yost — 
| | | | | (911) — 
OTT “OF | & L9| I “A “Od 
| suoosevindind ‘uds ‘19 voruouued — 
| | ei~is 66 epyyed — 
8 8 | (az) (enqono) — 
| | | 8 ‘tH Seproqoro — 
| | | | | set | 1 ‘phey | 
UI “1104 jureded| wnos 
JO S][90 por 4suTeZe 


| 
3 
= 
oO 
= 
© 
a 
° 
fo) 
= 
: 
~" 
— 
a 
a 
< 


GI | FOL | | — | | ‘og snomdind ‘q pue “ — | 
se | | | | — +9 snsousy ‘uds qui-qui— | 
q q GY | 4 q I — 
| | | | (og) — | 
| BEI | 99% | F 8 I ‘WOH | 
og] iq q 86 ‘6F ‘SI ¢ —- 
CI] | | ZIG | 99S | — 01% | | gs; 
| | | OT | — | BIg | | | | ZO ‘OG ‘FE| Joyvg eVyeqieg viso[Ayy 
| avajoaseud 
| (og) (ARQ ‘dss 
0€ ‘0Z | | + | — 
— | | |— | iav ZZ ‘oR, BBA — 


2 
j 


iV | (0&) (Od suem) — 
| +9 (FFI) (touvojs) — 


oe] — — |-—|-—- — ‘Od — 
| (et) (voaru) — 
| | 9c3 | — — #¢ I 90 stsuowmssn — 
— | — | 993 | — | — | OT | HOT | — | 18 ‘ ‘us “oonZ 40 — | 
GI StI | — +9 — Jord +9 “wey vorpur — 

| | 91 61; 1 "PIEM Bones — 
| — |—| ser | ete | ot | ze | 86 ‘oz — 

| — (0g) | 
| (0g) — 

—_ | — | — og I — 

| | (og) soyoro) | 

Ut jureded| | [QBN 

(‘ou & RE w 

Sid > 

Bao | 


i 


0G 


ST 
SEL EET 


Cl ‘0G 

GL ‘OF “BET 
6L “OE 

“9 “OZ 
0Z 

FS “0% 


960F 


PIG 


8ZI 


86) 
gs 


6F 


A 


— 


‘Od BoequR. 


‘qquog 


‘ZINY 


(ZZ1) (snqojouoZe1403 sndieooydosg) | 
wnsoususa vusysostyg 


‘Ty snueu ‘uAs “ry 
(6L) 
‘Udy, 
‘qxoy snomne 
pue sngerper ‘uAs oFunw 
(0g) 
‘pepe sisuowly ‘gq snzeuny] 
*‘prvyog 
(sngereoyeo) 
(0g) 


(og) (‘Bueidg snsoseqny) 
soyoyjog ‘uds “Zueidg snsozeqny 


‘Yory 


(og) (Od suern) 
(FFT) 


| | | | | | | | | | 
| < | | | | | 
= 4 
- 
oo 
| | | | | | | 


— | ‘Z| 3 stjepedinbses — 
| 
91 | | | BE | — | | 9, ‘dye esngor — 
Sst | | | — | — «#9 col; ‘qqueg — 
91 | 993 | #9 | | — | 960F | SBT | 9 — 
| at+v| +9 ‘diem — 
| BIG | BIS | SIS | — | ZI¢ 39 ‘fh, 
| snjooseyg ‘uAs “dye, stsuodvo vust, 
‘oy ureded) wns 
—| 


jO por qsureSe 


949 Jo soBed UO ore ( 


p,2u02) 


4 
ff 
— 
| 
4 
; 
| 
in 
it 


81 


(149) was observed in the compilation. In addition to the 
author’s own results, other investigators’ findings on the 
Leguminosae were included. 

Agglutinating seed samples were found in 37% of the 743 
species studied by the author. When comparing the different 
methods it is noticed that the greater part of the seed agglutinins 
were demonstrable by intact red cells suspended in saline milieu 
(95 %). Agglutinins that eluded the saline method were largely 
demonstrable by intact cells suspended in serum (3 %). Still 
there were agglutinins that could be found only by the papain 
and/or kollidon methods used, in which instances the titre was 
low as a rule. Also because saline agglutinins were demonstrable 
in the concentrated agglutinin solutions in a couple of these 
cases (101), it would seem that the occurrence of cryptaggluti- 
noids in seeds is infrequent, indeed. In some cases, when the 
titre in saline was much less than the other titres, it showed a 
prozone phenomenon, which was otherwise of most rare occur- 
rence. 

Determined by the papain and kollidon methods the agglutinin 
titres were generally higher than they were in saline and serum 
milieu. No great differences were usual between the papain and 
kollidon titres. An exception to the rule was the genus Glycine, 
whose agglutinins reacted decidedly better when tested by the 
papain method. 

Titres in the serum milieu exhibited interesting diversity. 
They were frequently almost as high as in saline milieu. The 
serum also showed a definite inhibiting effect on the agglutination 
in many cases; this is particularly true of the agglutinins 
of the tribe Vicieae. The fact that the serum does not 
apparently inhibit blood group specific agglutinins is of practical 
interest. 

In some cases agglutination was found to become more 
distinct at +4°C than it was at room temperature, but cold 
agglutinins, pure and simple, were not found in the Glycine 
species, either. 
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DISCUSSION 


Of the sources of error in this chapter probably the most 
obvious is faulty identification of species by the dispatching 
garden. The measures that were taken in order to eliminate this 
source of error were described in the foregoing. Special attention 
was paid to cases that gave unexpected results. It is the author’s 
belief that the probability of errors which might arise as a 
consequence of faulty identification has been reduced to a 
reasonable minimum by means of the precautions. 

The diversity of botanical nomenclature is a considerable 
nuisance to a reader of the literature on plant agglutinins. 
Numerous species have been given different names by different 
investigators, indeed, different specimens of one and the same 
species have been termed by different synonyms in a single work. 
The matter is made worse by the fact that the appropriate 
author’s name has not been appended to the names of the 
species, as a rule. Unfortunately, a total elimination of this 
disadvantage did not succeed in this paper, either. 

Another source of error consists in the fact that in the study 
of how the different extracts react with the erythrocytes of 
different animals, the red cells of only one individual were used; 
even the only individual of a given animal species was not the 
same every day. Supposing that the red cells of different indi- 
viduals of an animal species were agglutinated selectively by a 
plant extract, the case would not be fully illustrated by the 
present author’s results. 

The agglutination titre of a seed extract of course depends 
on the degree of fineness achieved when the seeds are reduced 
to powder. No doubt the. degree varies from time to time. 
On the basis of his experiments the author found this factor 
to be of no great importance. 

Still another source of error was revealed by the observation 
that newly harvested seeds of Bandeiraea simplicifolia yielded 
an extract different from that yielded by seeds of the same 
sample one year later (99). The author has witnessed no other 
phenomenon of this kind, after all. The majority of the received 
seeds seemed well ripened. 
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Quantitative variations in the agglutinins of different samples 
of a species seem to be often greater than qualitative. For this 
reason absolute titres are often of less value than relative, i.e. 
the titre against a kind of cells compared with that of another. 
When the test cells are of several kinds, the agglutination 
patterns of closely related plant species obtained by titration 
are often very much alike. 

If agglutinins are scarce in the seeds of a genus or a species 
generally, they may be in some samples so scant that the 
agglutinins cannot be demonstrated by the usual means. In 
such cases they may be demonstrable by more sensitive methods, 
e.g. by papainised cells or in a concentrated extract (101). 


Concerning the relationship between seed agglutinins and 
hemolysins Ehrlich (40) believed that the agglutinins and 
hemolysins of ricin and abrin were identical, and that the 
phenomena differ from each other only quantitatively. The 
present author has also noticed the tendency of red cells in 
highly concentrated agglutinin solutions to become partly or 
totally hemolysed before long (101). 

There are also plant extracts that hemolyse red cells without 
an agglutination taking place. As shown in Table 5, extracts of 
this kind were obtained especially from many seeds belonging 
to the tribes Ingeae and Trifolieae. Apart from their immediate 
effect these plant hemolysins differ from plant agglutinins in 
other respects, too. 

1) There are only few totally unspecific plant agglutinins, i.e. 
such as agglutinate the red cells of different animal species 
equally well. The titres of many plant hemolysins studied, on the 
contrary, against the red cells of different animal species are 
practically identical and low as a rule (101). 

2) Most plant agglu‘inins are neutralised by some of the 
simple sugars or bloci group substances. The hemolysins, 
contrariwise, seem to remain unaffected as will be shown in the 
next chapter. 

For the above reasons this investigation is not going to 
enter deeply into the subject of plant hemolysins. 


On the basis of the results given in Table 5 it seems probable 
that the subfamily Mimosoideae is poor in agglutinins. The 
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seeds of only a couple of Parkia species have been found to 
contain agglutinins of the type anti-rabbit-+-guinea pig. In the 
seeds of Calliandra portoricensis weak agglutinins have been 
detected reactive with human erythrocytes. 

Agglutinins occur in one tribe, Bauhinieae, of the subfamily 
Caesalpinioideae. Very weak agglutinins were found by the 
present author in the seeds of Caesalpinia Gilliesii, too. Tiggelman 
-van Krugten et coll. (144) have found agglutinins also in the 
seeds of Saraca indica and Cassia alata, but it must be remem- 
bered that their technique differs a little from the most generally 
used, and that they have found agglutinins in almost all of the 
leguminous seeds examined by them. 

The tribe Bauhinieae seems to be quite interesting. Probably 
the purest known anti-B plant agglutinin, which seems to 
improve in specificity as the age of the seeds increases, has been 
found in the seeds of Bandeiraea simplicifolia (99). Several 
Bauhinia species seem to contain anti-rabbit agglutinins. 
Showing some anti-N specificity many of them react more 
weakly with human red cells. 

In the subfamily Papilionatae there are 10 tribes according 
to Willis’s dictionary. Two of them, Podalyrieae and Trifolieae, 
have not been found to contain unmistakable agglutinins. 
In the rest of the tribes agglutinins occur more or less regularly. 

The number of the examined species of the tribe Sophoreae is 
rather small. This tribe attracts attention by virtue of the 
regular occurrence, in many of the studied seed samples of 
Sophora japonica, of an agglutinin of the type anti-A+B+ 
rabbit. Another agglutinin of the type anti-H-+cow-+-sheep+ 
chicken occurs in the three examined species of the genus 
Virgilia. 

The agglutinin content of numerous seed samples of the tribe 
Genisteae has been determined, and one cannot help being 
struck by the very frequent occurrence of anti-H agglutinins 
in the seeds of the genera Cytisus, Genista, Laburnum, Petteria, 
and Ulex. As a rule these extracts have not agglutinated the 
red cells of the studied animal species. A few of these agglutinins, 
however, react with the red cells of rabbit, too. The tribe in 
question also includes species that agglutinate human red cells 
unspecifically, and their reaction with the red cells of rabbit 


4 
4 
| 
2 


85 


is stronger. Also many seeds of the genus Crotalaria contain 
anti-man-+rabbit agglutinins. In some cases these agglutinins 
exhibit distinct anti-A+B specificity. 

In the genus Lotus (Tetragonolobus) of the tribe Loteae 
there are also such agglutinins as react with those human red 
cells almost solely that belong to the blood groups O and A,,. 
They differ, however, a little from those agglutinins that occur 
in the tribe Genisteae. Concerning the agglutinins of Lotus 
tetragonolobus this was demonstrated by Morgan and Watkins 
(108) and Kriipe (84) by means of their agglutination-inhibition 
tests. It will be demonstrated in Chapter III of this paper also 
with regard of L. siliquosus. 

A multiplicity of genera and great variations in agglutinin 
content obtain in the tribe Galegeae. There are several large 
genera that seem to be totally devoid of agglutinins, e.g. Astra- 
galus, Indigofera and Oxytropis. The occurrence of agglutinins 
is almost the rule in the seeds of the genera Caragana, Galega, 
Halimodendron, Robinia and Wistaria. The specificity of most 
of the agglutinins is low, they agglutinate the red cells of most 
studied animals, and do not agglutinate human red cells 
selectively. The one sample of Caragana frutex var. latifolia 
examined by the author was an exception by showing anti-A+ B 
specificity. The author received two samples of this species 
from the same garden in two consecutive years and was able to 
demonstrate similar specificity in each. The seeds were sown 
and the genus was verified, but the species could not be identified 
with certainty. 

The tribe Hedysareae seems to be poor in agglutinins. Several 
of the examined samples of Coronilla varia contained an aggluti- 
nin of the type anti-A+B, which reacted also with the red 
cells of rabbit (and hog (84)). The rest of the agglutinins of the 
Hedysareae are weak and sporadic. 

Of the tribe Dalbergieae, the seeds of Andira inermis appear 
to contain an anti-guinea pig, those of Lonchocarpus discolor 
an anti-rabbit-+-guinea pig, agglutinin. 

With regard to the occurrence of agglutinins, the tribe Vicieae 
shows striking homogeneity. With the exception of the genus 
Cicer, nearly all seeds of this tribe seem to contain an agglutinin 
that reacts with the red cells of man, rabbit and guinea pig 
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preferentially, showing no blood group specificity. This rule 
admits of only few exceptions: there are some seed samples that 
do not seem to contain agglutinins, there are a few others 
containing anti-A agglutinins, and still others containing anti-N 
agglutinins. 

The occurrence of agglutinins in the tribe Phaseoleae shows 
greater variety. Agglutinins occur, as a rule, in the genera 
Canavalia, Dolichos, Erythrina, Glycine, Phaseolus and Vigna, 
but they are not at all identical. Good anti-A reagents are 
frequent in the seeds of Dolichos biflorus, Phaseolus lunatus 
and Amphicarpaea species. 

The present author believes that conclusions can be based on 
Table 5 regarding the rules that govern the incidence of seed 
agglutinins in the family Leguminosae. Admittedly, the author’s 
material does not consist of random samples. Since one of the 
aims never lost sight of in the course of the work was to find 
potential reagents for the use of the serologist, such species are 
represented by numerous samples as were considered to be the 
most promising probables. Efforts were made, on the other 
hand, in order that as many species as possible might be repre- 
sented by at least one seed sample. The material of Table 5 is 
not very large, either. It comprises less than 10 % of the 12 000 
species and about 30 % of the 600 genera that belong to the 
family Leguminosae, the third largest of the flowering plants. 

At any rate this material seems adequate to prove that the 
occurrence of agglutinins is governed by certain rules. The 
occurrence can perhaps be said to conform to the taxonomic 
plant system to some extent though by no means absolutely. 
Proof of this are, in particular, the total absence of agglutinins 
in the seeds of certain tribes, e.g. Trifolieae, and the almost 
regular presence in the seeds of Vicieae. This fact was observed 
by Renkonen (122) already, but Tétry et coll. (141) suggested 
that the occurrence or nonoccurrence of agglutinins was the 
property of a given species, not of a genus. 
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Ill SEROLOGICAL SPECIFICITY OF PLANT 
AGGLUTININS 


Section one: SPECIFIC AGGLUTINATION AND PRECIPITATION 
SURVEY OF LITERATURE 


1. SPECIFIC AGGLUTINATION 
Species specificity 


Most of the plant agglutinins examined react with the red 
cells of different animal species more or less selectively. The 
agglutinins of different plants prefer different animal species. 
For this reason they doubtless are valuable tools in the study 
of the similarities and differences between animal red cell 
receptors. Many of the studies on this subject thus far have 
had a couple of weak points. First, several investigators have 
not carried out quantitative studies. They have contented 
themselves with saying that a given plant extract agglutinates 
the red cells of an animal but not those of another. If it so 
happens that, other things being equal, the extract of another 
worker is ten times more active, he may find that the extract 
agglutinates the red cells of both animal species. Still another 
investigator may full well find his extract from the same plant 
species inactive towards the red cells of both animal species. 
If all three investigators had titrated their extracts, the results 
would not have been paradoxical. 

Another weak point of many works is the fact that an animal 
species has been represented by but one individual. It is possible 
that there are plant agglutinins showing animal blood group 
specificity. In fact, differences have been found to exist between 
various individuals of certain animal species regarding the 
reactivity of the red cells with a given plant extract (36). 

Bird (12) and Ottensooser (115, 116) have employed several 
individuals of each animal species in studying plant agglutinins. 
Bird studied the effect of 12 seed extracts on the red cells of 
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guinea pig, rabbit, pigeon, chicken, dog, horse, buffalo, cow, 
goat, sheep, and man (A and QO). He did not notice appreciable 
differences between different individuals of a species. He did 
not titrate the extracts. With the aid of the twelve ,'>>t 
extracts he was able to differentiate between the erythrocy 
of most of the animals. Bird mentions the possible usability o: 
plant agglutinins in forensic pathology. 

Ottensooser used the seed extracts of 12 different Vicia 
species together with the red cells of rabbit, horse, mouse, pig, 
man, (A,, B, O), rat, Java monkey, chimpanzee, chicken, sheep, 
and goat. He also failed to titrate the extracts. He intimates 
that plant agglutinins might be useful as auxiliary tools to 
medical jurisprudence. 

Kriipe (79) studied an extensive series of seed extracts using 
the cells of man (A,, A,, B, O), sheep, rabbit, guinea pig, cow, 
and hog. He did not employ several specimens of an animal 
species, but he carried out titrations, too. His table shows 
among other things that most seeds of the tribe Vicieae contain 
an agglutinin strongly reactive with the examined individuals 
of man, rabbit and guinea pig. There are plant extracts, too, 
that react with the red cells of rabbit only, and, as Kriipe 
found out later, with those of hog, if more weakly (84). Such 
extracts were prepared from Coronilla varia, Sophora japonica, 
Glycine soja and Sarothamnus scoparius. 


Blood group specificity 


So far as the present author knows, there have been only 
two attempts to find plant agglutinins that might detect blood 
groups in species other than Homo sapiens. Dujarric de la 
Riviére et coll. (36) studied the effect of the agglutinin of 
Phaseolus vulgaris on the erythrocytes of 40 human beings, 
besides 101 cows, 56 horses, 15 mules, 32 sheep, and 20 goats. 
They did not notice positive differences between the individuals 
of any one species with the exception of the cows. The cells of 
some of these produced a negative reaction, while the titres of 
the others varied between 1/1 and 1/64. The workers believed 
that the red cells of cows were of two types, which were 
differentiable by potato extract, too. 
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Levine et coll. (94) found that the red cells of all the 13 
chimpanzees examined were agglutinated by several absorbed 
rabbit anti-M sera, while the red cells of only 4 chimpanzees 
gave positive reactions with extracts of Vicia graminea known 
to contain an anti-N agglutinin. On the basis of their agglutina- 
tion and absorption tests they classified 9 of the chimpanzees 
as M and 4 as MN. The red cells of the MN chimpanzees did not 
react with rabbit anti-N sera, however. According to their 
opinion, the human and chimpanzee M have more in common 
than do human and chimpanzee N. 

Investigations into plant agglutinins that differentiate between 
human beings are so much more numerous. Several agglutinins 
of this kind have been discovered. No matter how disparate the 
plants that yield them, and much as they may differ serologically, 
nearly all the agglutinins have a property in common. Apart 
from a few exceptions (114, 99) their specific receptor in human 
red cells is related to one or some of the ABO agglutinogens. 

Table 5 includes most known plant agglutinins that have been 
found to possess blood group specificity. A most thorough 
treatment of this subject is found in the monograph of Kriipe 
(84). 

It has been commonly observed that ABO blood group 
specific agglutinins from various plant species are generally 
different each. Three anti-A agglutinins from Dolichos biflorus, 
Phaseolus lunatus and Vicia cracca will serve as an example. 
Dolichos biflorus agglutinates only cells containing the agglutin- 
ogen A, and A, cells much better than it does A, cells. Likewise 
the agglutinin of Phaseolus lunatus is a pretty pure anti-A, 
still it strongly agglutinates A, cells, too. Although the extracts 
from Vicia cracca, too, are good anti-A reagents, they agglutinate 
also O and B cells. 

This fact and the extreme rareness, if not nonexistence, of 
fully blood group specific plant agglutinins is easily accounted 
for by their origin, in the opinion of Boyd and Shapleigh (25). 
It must be assumed that a certain plant agglutinin accidentally 
possesses a configuration that is complementary to the chemical 
groupings of a blood group substance. Since human blood group 
substances are very closely related, chemically (107), it stands 
to reason of course that this agglutinin is more or less complemen- 
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tary to one or some of the other human blood group substances, 
too. 

Morgan and Watkins (108) found that the anti-A and anti-B 
agglutinins of Sophora japonica are inseparable. They considered 
the possible relationship of this agglutinin to the hypothetical 
blood group factor C, which is believed to be common to the 
red cells of groups A and B but absent from O (146). 

Bird (17) found that the seed extracts from Crotalaria striata 
also agglutinated A and B cells. The anti-A and anti-B aggluti- 
nins were inseparable. The activity of the anti-A was stronger 
unlike in the case of Sophora japonica. Bird does not believe that 
of two different plant agglutinins both could possibly be anti-C. 
In his opinion the agglutinins of Crotalaria striata are better 
adapted to the structure A and Sophora japonica agglutinins 
to the structure B. He does not think it necessary to presume 
the existence of a third factor. Thus his view resembles that of 
Boyd and Shapleigh described above. 

Kriipe (84) believes that blood group specific plant agglutinins 
react with the same receptors as isoagglutinins. He bases this 
opinion on his observations that red cells saturated with plant 
anti-A agglutinin absorb neither animal nor vegetable anti-A, 
and thinks that the same is true of the rest of plant agglutinins 
respectively. 

Bird (7) has shown that the receptor of Dolichos biflorus 
agglutinin is not the Forssman antigen. The extract from 
Dolichos weakly agglutinates the red cells of sheep, it is true, 
but it does not hemolyse them in the presence of complement 
and neither does it agglutinate the cells of chicken. 

Bird (13) has studied the effect of plant agglutinins on red 
cells, the T receptor of which had been unmasked by a bacterial 
contamination. He found that Phaseolus lunatus extract 
containing an anti-A agglutinin agglutinated O cells, too, if 
these had been «transformed» in like manner. Dolichos biflorus 
extract, on the contrary, did not agglutinate transformed O 
cells. Bird concluded that some seed extracts are capable of 
detecting the T receptor, while others are not. Kriipe and Détzer 
(85) did not find a single T agglutinin in the 10 different seed 
extracts they studied, among them a Phaseolus lunatus extract. 
A few blood group specific plant agglutinins admittedly lost 
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their specificity if the test cells had been transformed with the 
T ferment. Inhibition tests by blood group substances and 
simple sugars showed, however, that the unspecific reactions 
had not been caused by the T agglutinin. Agglutination of the 
transformed cells by plant agglutinins was inhibited by blood 
group substances and certain simple sugars, while agglutination 
by normal human serum was not. It was found that Lotus 
tetragonolobus agglutinin and eel serum divided A, cells treated 
with the T ferment into two groups according as they reacted 
positively or negatively. A similar dichotomy was noticed in the 
A,B group. The authors believe that the property is hereditary 
and hardly connected with the recognised blood groups. Aggluti- 
nation by Lotus tetragonolobus extract of the positively reacting 
A, cells treated with the T ferment was inhibited by H substance 
and L-fucose. This led the authors to the conclusion that the 
T ferment is capable of detecting other receptors, too, in addition 
to the T receptor. 

In 1953 Ottensooser and Silberschmidt (114) found the first 
vegetable anti-N. Kriipe (84) confirmed their observation. 
Because anti-N agglutinin was obtainable by elution from 
human and chimpanzee M and MN cells, but not from human 
N cells (94), the anti-N specificity of this seed agglutinin is 
probably a little short of absolute. In the seeds of some Bau- 
hinia species the present author has found an agglutinin of 
low anti-N specificity (99). 


Usability of plant agglutinins in routine serology 


Blood group specific plant agglutinins have been known for 
nearly ten years. During this period they have been widely 
used as reagents in routine blood grouping, too. Opinions differ 
as to the range of their usability but the consensus is probably 
in favour of their use for certain purposes. 

Koulumies (69, 70) was the first to study the usability of the 
agglutinins of Vicia cracca and Cytisus sessilifolius in A,—A, 
and A,B—A,B subgrouping. He came to the conclusion that, 
as an anti-A, reagent, Vicia cracca equals absorbed B sera; 
likewise, the anti-H of Cytisus sessilifolius is as good as that of 
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guinea pig, rabbit, pigeon, chicken, dog, horse, buffalo, cow, 
goat, sheep, and man (A and Q). He did not notice appreciable 
differences between different individuals of a species. He did 
not titrate the extracts. With the aid of the twelve plant 
extracts he was able to differentiate between the erythrocytes 
of most of the animals. Bird mentions the possible usability of 
plant agglutinins in forensic pathology. 

Ottensooser used the seed extracts of 12 different Vicia 
species together with the red cells of rabbit, horse, mouse, pig, 
man, (A,, B, O), rat, Java monkey, chimpanzee, chicken, sheep, 
and goat. He also failed to titrate the extracts. He intimates 
that plant agglutinins might be useful as auxiliary tools to 
medical jurisprudence. 

Kriipe (79) studied an extensive series of seed extracts using 
the cells of man (A,, A,, B, O), sheep, rabbit, guinea pig, cow, 
and hog. He did not employ several specimens of an animal 
species, but he carried out titrations, too. His table shows 
among other things that most seeds of the tribe Vicieae contain 
an agglutinin strongly reactive with the examined individuals 
of man, rabbit and guinea pig. There are plant extracts, too, 
that react with the red cells of rabbit only, and, as Kriipe 
found out later, with those of hog, if more weakly (84). Such 
extracts were prepared from Coronilla varia, Sophora japonica, 
Glycine soja and Sarothamnus scoparius. 


Blood group specificity 


So far as the present author knows, there have been only 
two attempts to find plant agglutinins that might detect blood 
groups in species other than Homo sapiens. Dujarric de la 
Riviére et coll. (36) studied the effect of the agglutinin of 
Phaseolus vulgaris on the erythrocytes of 40 human beings, 
besides 101 cows, 56 horses, 15 mules, 32 sheep, and 20 goats. 
They did not notice positive differences between the individuals 
of any one species with the exception of the cows. The cells of 
some of these produced a negative reaction, while the titres of 
the others varied between 1/1 and 1/64. The workers believed 
that the red cells of cows were of two types, which were 
differentiable by potato extract, too. 
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Levine et coll. (94) found that the red cells of all the 13 
chimpanzees examined were agglutinated by several absorbed 
rabbit anti-M sera, while the red cells of only 4 chimpanzees 
gave positive reactions with extracts of Vicia graminea known 
to contain an anti-N agglutinin. On the basis of their agglutina- 
tion and absorption tests they classified 9 of the chimpanzees 
as M and 4 as MN. The red cells of the MN chimpanzees did not 
react with rabbit anti-N sera, however. According to their 
opinion, the human and chimpanzee M have more in common 
than do human and chimpanzee N. 

Investigations into plant agglutinins that differentiate between 
human beings are so much more numerous. Several agglutinins 
of this kind have been discovered. No matter how disparate the 
plants that yield them, and much as they may differ serologically, 
nearly all the agglutinins have a property in common. Apart 
from a few exceptions (114, 99) their specific receptor in human 
red cells is related to one or some of the ABO agglutinogens. 

Table 5 includes most known plant agglutinins that have been 
found to possess blood group specificity. A most thorough 
treatment of this subject is found in the monograph of Kriipe 
(84). 

It has been commonly observed that ABO blood group 
specific agglutinins from various plant species are generally 
different each. Three anti-A agglutinins from Dolichos biflorus, 
Phaseolus lunatus and Vicia cracca will serve as an example. 
Dolichos biflorus agglutinates only cells containing the agglutin- 
ogen A, and A, cells much better than it does A, cells. Likewise 
the agglutinin of Phaseolus lunatus is a pretty pure anti-A, 
still it strongly agglutinates A, cells, too. Although the extracts 
from Vicia cracca, too, are good anti-A reagents, they agglutinate 
also O and B cells. 

This fact and the extreme rareness, if not nonexistence, of 
fully blood group specific plant agglutinins is easily accounted 
for by their origin, in the opinion of Boyd and Shapleigh (25). 
It must be assumed that a certain plant agglutinin accidentally 
possesses a configuration that is complementary to the chemical 
groupings of a blood group substance. Since human blood group 
substances are very closely related, chemically (107), it stands 
to reason of course that this agglutinin is more or less complemen- 
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tary to one or some of the other human blood group substances, 
too. 

Morgan and Watkins (108) found that the anti-A and anti-B 
agglutinins of Sophora japonica are inseparable. They considered 
the possible relationship of this agglutinin to the hypothetical 
blood group factor C, which is believed to be common to the 
red cells of groups A and B but absent from O (146). 

Bird (17) found that the seed extracts from Crotalaria striata 
also agglutinated A and B cells. The anti-A and anti-B aggluti- 
nins were inseparable. The activity of the anti-A was stronger 
unlike in the case of Sophora japonica. Bird does not believe that 
of two different plant agglutinins both could possibly be anti-C. 
In his opinion the agglutinins of Crotalaria striata are better 
adapted to the structure A and Sophora japonica agglutinins 
to the structure B. He does not think it necessary to presume 
the existence of a third factor. Thus his view resembles that of 
Boyd and Shapleigh described above. 

Kriipe (84) believes that blood group specific plant agglutinins 
react with the same receptors as isoagglutinins. He bases this 
_ Opinion on his observations that red cells saturated with plant 
anti-A agglutinin absorb neither animal nor vegetable anti-A, 
and thinks that the same is true of the rest of plant agglutinins 
respectively. 

Bird (7) has shown that the receptor of Dolichos biflorus 
agglutinin is not the Forssman antigen. The extract from 
Dolichos weakly agglutinates the red cells of sheep, it is true, 
but it does not hemolyse them in the presence of complement 
and neither does it agglutinate the cells of chicken. 

Bird (13) has studied the effect of plant agglutinins on red 
cells, the T receptor of which had been unmasked by a bacterial 
contamination. He found that Phaseolus lunatus extract 
containing an anti-A agglutinin agglutinated O cells, too, if 
these had been «transformed» in like manner. Dolichos biflorus 
extract, on the contrary, did not agglutinate transformed O 
cells. Bird concluded that some seed extracts are capable of 
detecting the T receptor, while others are not. Kriipe and Dotzer 
(85) did not find a single T agglutinin in the 10 different seed 
extracts they studied, among them a Phaseolus lunatus extract. 
A few blood group specific plant agglutinins admittedly lost 
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their specificity if the test cells had been transformed with the 
T ferment. Inhibition tests by blood group substances and 
simple sugars showed, however, that the unspecific reactions 
had not been caused by the T agglutinin. Agglutination of the 
transformed cells by plant agglutinins was inhibited by blood 
group substances and certain simple sugars, while agglutination 
by normal human serum was not. It was found that Lotus 
tetragonolobus agglutinin and eel serum divided A, cells treated 
with the T ferment into two groups according as they reacted 
positively or negatively. A similar dichotomy was noticed in the 
A,B group. The authors believe that the property is hereditary 
and hardly connected with the recognised blood groups. Aggluti- 
nation by Lotus tetragonolobus extract of the positively reacting 
A, cells treated with the T ferment was inhibited by H substance 
and L-fucose. This led the authors to the conclusion that the 
T ferment is capable of detecting other receptors, too, in addition 
to the T receptor. 

In 1953 Ottensooser and Silberschmidt (114) found the first 
vegetable anti-N. Kriipe (84) confirmed their observation. 
Because anti-N agglutinin was obtainable by elution from 
human and chimpanzee M and MN eells, but not from human 
N cells (94), the anti-N specificity of this seed agglutinin is 
probably a little short of absolute. In the seeds of some Bau- 
hinia species the present author has found an agglutinin of 
low anti-N specificity (99). 


Usability of plant agglutinins in routine serology 


Blood group specific plant agglutinins have been known for 
nearly ten years. During this period they have been widely 
used as reagents in routine blood grouping, too. Opinions differ 
as to the range of their usability but the consensus is probably 
in favour of their use for certain purposes. 

Koulumies (69, 70) was the first to study the usability of the 
agglutinins of Vicia cracca and Cytisus sessilifolius in A,—A, 
and A,B—A,B subgrouping. He came to the conclusion that, 
as an anti-A, reagent, Vicia cracca equals absorbed B sera; 
likewise, the anti-H of Cytisus sessilifolius is as good as that of 
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bovine serum. His Cytisus sessilifolius extract did not aggluti- 
nate A,B cells, nor did bovine anti-H, either. 

Subsequently several reports have been published to the 
effect that good results have been secured by means of plant 
agglutinins in the diagnosis of the subgroups of blood groups A 
and AB. Bird (8) has found the extract of Dolichos biflorus to 
be a most reliable anti-A, reagent. Boyd and Shapleigh (26) 
have obtained good results using the extracts of Dolichos 
biflorus and Ulex europaeus. Herrman (56) has carried out 
several thousands of subgroupings with the aid of Laburnum 
alpinum and Phaseolus limensis. The widest experience in this 
subject has probably been gained by Kriipe (78, 84), who, since 
1949, has used several plant extracts besides isoagglutinins in 
all his blood group tests. As many as about 10 000 blood samples 
have thus been tested. Kriipe finds these reagents excellent in 
A subgroup diagnosis. 

Opinions of the suitability of plant agglutinins for general 
ABO blood group diagnosis are at variance. Bird (6, 10) regards 
vegetable anti-A agglutinins as suitable anti-A reagents in 
certain circumstances. At the same time he complains of the 
absence of a dependable vegetable anti-B. Dunsford and Hutchi- 
- son (37) have found that the extracts of Dolichos biflorus and 
‘Phaseolus lunatus do not agglutinate A,B and A, cells, 
and do not consider the extracts to be suitable anti-A reagents. 
Kahl (64) determined the ABO groups of 500 blood samples 
employing the personnel of an average hospital laboratory. 
He used both the normal method and 4 plant extracts (Laburnum 
alpinum, Phaseolus limensis, Vicia cracca, Sophora japonica). 
In 2 % of the cases he obtained erroneous results with the plant 
extracts, and these were due mainly to the absence of a good 
anti-B. 

Vegetable anti-H agglutinins have turned out to be good 
reagents in the separation of the individuals of any blood . 
group into secretors and nonsecretors (71, 24, 135). The vege- 
table anti-N has probably been little used in routine work. 


2. SPECIFIC PRECIPITATION 


Boyd and Shapleigh (25, 27) have shown that human blood 
group substances are specifically precipitated by some blood 
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group specific plant agglutinins. The extract of Phaseolus 
limensis, for example, caused precipitation in the salivas of 
secretors belonging to blood groups A, and A,, but not in the 
salivas of the secretors of blood group O, nor in the salivas of 
the nonsecretors of any blood group. The seed extract also 
precipitated with the A substance made from the gastric mucin 
of hog. In a later report (29) it was stated that 30 % of the 
protein of the refined Phaseolus preparate precipitated with 
A substance. The results of a quantitative study were presented 
showing a precipitin curve very similar to that plotted for the 
reactions of A substance with human anti-A and presented by 
Kabat (63). The quantity of the precipitate increased as the 
amount of A substance was raised until a certain maximum 
was reached; an excess of A substance was accompanied with a 
decrease in the amount of the precipitate. The plant agglutinin 
appeared to possess lower affinity for A substance than did 
human anti-A. 


OWN INVESTIGATIONS INTO SPECIFIC AGGLUTINATION 
1. SPECIES SPECIFICITY 


In the following the results of Table 5 will be treated from 
the point of view of species specificity. As the table shows, most 
of the seed extracts tested by the present author seem to possess 
at least traces of species specificity. The results do not perhaps 
allow one to draw positive conclusions since each animal species 
is represented by one individual only. As the results, however, 
generally agree with the findings of earlier investigators, they 
are likely to have certain significance. 

It seems that bovine cells are poorly agglutinated by most 
seed extracts, while on the other hand the titres of many extracts 
against the red cells of man, rabbit and guinea pig are high. 

There are plant agglutinins that react only or preferentially 
with the red cells of but one or two of the species studied. For 
example the seeds of a few Tephrosia and Andira species appear 
to contain anti-guinea pig agglutinins, and those of certain 
Parkia species anti-rabbit+guinea pig agglutinins. It seems 
further that many human blood group specific agglutinins are 
species specific, too, i.e. they agglutinate poorly the red cells 
of other species. 
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2. BLOOD GROUP SPECIFICITY 


It is not possible to base conclusions on the author’s experi- 
ments as to the blood group specificity of plant agglutinins in 
animals. 

In this investigation several seed extracts were found capable 
of selective agglutination of human erythrocytes as shown in the 
principal Table 5 in the preceding chapter. The specificity often 
manifested itself no matter which method was used in the test. 
_ In some cases, however, anti-H agglutinins were demonstrable 

only by the papain and/or kollidon method, obviously on 
account of their weakness. That this is not due to qualitative 
differences is shown by the fact that as soon as some of these 
weak agglutinins had been concentrated, they reacted also in 
saline milieu (101). Not a single such extract was found as would 
agglutinate different human red cells unspecifically by the 
saline or AB serum method while showing selectivity by the 
papain or kollidon method. In theory this would be possible 
because the titres were usually higher by the latter methods. 

As stated in Chapter II, all plant extracts that agglutinated 
human red cells selectively in the first tests were subjected to 
further study. These will be described in this chapter. 


Methods 


New extracts were prepared from all seeds. The titrations were carried 
out in the same way as the tests of Chapter II. Because additional information 
of interest was yielded only infrequently by tests with enzyme treated cells 
and intact cells in kollidon milieu, routine use of these tests was not made 
in the additional studies. 

The seed extracts were titrated at first using the red cells of 8 persons. 
They had been selected so that they represented the blood groups Ay, Ag, 
A,B, A,B, B, OO, MM, MN, NN, §, ss, P, pp, Le(a+b—), Le(a—b+), 
Rh+ and Rh—. If the results were in agreement with those of previous 
investigators, they were deemed reliable without further tests being under- 
taken. If the results did not agree or if a blood group specific agglutinin, 
unknown until then, was found, more blood samples, sometimes several 
hundred, were resorted to in the investigation. At this stage only the 
blood groups of ABO and MN systems were known. 


Results 


As will be seen from Table 5, the first series of tests on the 
extracts produced only two groups of blood group specific 
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agglutinins: such as showed an affinity for one or some of the 
agglutinogens of the ABO system, and such as seemed to possess 
a kind of anti-N specificity. These observations were confirmed 
by additional investigations. 

By the year 1956 approx. 40 plant species had been reported 
to contain ABO specific agglutinins occurring in the seeds 
(84, 116, 17, 99). The present author was able to verify earlier 
observations in the cases of 23 plant species. In addition to this 
the author discovered 46 new Leguminosae species, the seeds 
of which contained ABO specific agglutinins. 

Table 6 presents the species that have been found to contain 
ABO specific agglutinins, in the present investigation. According 
to their specificity they are divided into four groups: anti-A, 
anti-B, anti-H, and anti-A+B. It does not follow that e.g. 
anti-A extracts do not agglutinate also cells other than A ones. 
Fundamentally, the division is artificial. In fact, most «blood 
group specific» plant agglutinins appear to agglutinate all human 
red cells, provided that their concentration is high. The differ- 
ences between agglutination titres, however, can be quite 
considerable. In the group anti-A, for example, the present 
author accordingly included those extracts which in his opinion 
can be used as anti-A reagents if necessary. The requirement to 
be met by an extract was that its titre against A, cells had to 
be higher by at least 3 or 4 powers of two than it was against 
B or O cells. 

The term anti-A+B denotes that the extract agglutinates 
red cells that contain either the agglutinogen A or B, but that 
it agglutinates cells in which both are lacking much more 
weakly. The letters A and B are in alphabetical order, the 
group includes such agglutinins as react with A cells more 
strongly, such as react more strongly with B cells and also 
such as yield nearly identical titres with both kinds of cells. 

Several of the blood group specific extracts were titrated also 
by the papain and kollidon methods using A,, B and O cells. 
The results are given in Table 7. A closer study of the table will 
show that if the specificity of an extract manifests itself by the 
saline method, it usually manifests itself no matter which of the 
four methods is used. In kollidon milieu the degree of specificity 
often becomes a little lower, while papainised cells seem to be 
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TABLE 7 
Titres of some ABO-specific seed extracts determined by various methods. 


(For synonyris of the names for the species see Table 5) 


saline AB serum yap 3.6 % kolli- 
medium medium don 
blood group of the test cells | 
A, B A, B A, B O| A, B 
| 
Vicia dumetorum 8 8 8 64 — — 256 256 256 32 32 32 
Amphicarpaea 
Dolichos biflorus | 256 — —1024 —— 4096 — —4096 — — 
Phaseolus lunatus 1024 1 —4096 — — 8192 8 —20488 2 — 
Crotalaria striata | 32 — — 512 8 21024 16 41024 32 8 
— usaramoensis; 128 4 — 1024 8 21024 8 4 512 16 4 
Sophora japonica — — — 256 2048 2 16 64 — 4 8 1 
Coronilla varia 64— 8 32 1 2 — 
—  oroboides —- 14 — 28 — 4 16 4 16 64 
Cytisus lusitanicus 2 8 32) 2 8 16 32 64 64 32 64 64 
—  sessilifolius} — 4 32 — 464 — 16128 1 4128 
—  Weldeni —-— — — 4 1 2 8 
Genista ancistro- | | | 
carpa 48 12 4 
— monosperma) — — — — — 2 — 1 4 1 2 4 
—  sagittalis — 4 16 — 432 8 64512 4 32 198) 
Laburnum alpinum) — 2 16 — 432 — 16 64 — 8 32 
Petteria ramentacea — 4 8 — 1 
Ulex europaeus 1 8 16 1 1664 64 128 256 16 128 256 
Lotus tetragono- | | | 
lobus | — £ — 832 — 32128 — 16 64 


agglutinated by nearly all of the tested extracts as selectively 
as intact cells are agglutinated in NaCl milieu. 

Three of the examined plant extracts contained agglutinins 
of the type anti-A+B which reacted in serum but not in saline 
milieu. The species were Caragana frutex var. latifolia, Sophora 
japonica and Coronilla varia. These all reacted more poorly 
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when tested by the papain and kollidon methods, the reactions 
were nevertheless specific. 

There were also two Vicia species, V. dumetorum and V. 
peregrina, whose seed extracts agglutinated human erythrocytes 
unspecifically in saline milieu as Vicia extracts generally do. 
In AB serum milieu they anyway acted as anti-A reagents. 
These two extracts agglutinated human red cells unspecifically 
when tested by the papain and kollidon methods. The extracts 
of Vigna catjang and Dolichos lablab behaved in a correspon- 
ding manner, except that their specificity was of the type 
anti-A+ B. 

Another group of blood group specific plant agglutinins, the 
anti-N agglutinins, is small. Only two species belonging to 
this group had been found previous to the present investigation 
(114, 99). The author confirmed these findings and discovered 
6 more plant species that contain agglutinins of this type. 
All these 8 species are presented in Table 8. Of these four belong 
to the tribe Vicieae and 4 to the genus Bauhinia. The specificity 
of the anti-N agglutinin of Vicia graminea is decidedly superior 
to that of the other species. As a matter of fact, many Bauhinia 
extracts, other than those included in the table, seemed to 
possess slight anti-N affinity. The agglutinins of only the four 
species presented in Table 8 exhibited an affinity distinct 
enough to warrant their classification as anti-N. Even they are 
hardly usable in routine work. 

Anti-N specificity was not demonstrable by the papain or 
kollidon method. Anti-N specific reactions could be elicited 
from the Bauhinia extracts in AB serum milieu only, they were 
inactive in saline milieu. The extracts of Lens nigricans, Vicia 
picta and Vicia leganyana agglutinated human red cells 
unspecifically in saline milieu like nearly all of the seed extracts 
of the tribe Vicieae studied by the author. While Vicia extracts 
were, as a rule, almost inactive in AB serum milieu, the extracts 
of the above three species acted as anti-N reagents in this 
milieu. The agglutinin of the seeds of Vicia graminea behaved 
in a contrary manner. It agglutinated red cells selectively in 
saline milieu, and unspecifically in AB serum. Similar obser- 
vations on the behaviour of the agglutinins of Vicia graminea 
have been recorded by Kriipe (84). 
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3. ABSORPTION AND ELUTION EXPERIMENTS 


On the basis of the foregoing it seems that some seed extracts, 
e.g. Vicia cracca extracts, contain agglutinins of two types with 
distinct properties. In Vicia cracca there is the type that aggluti- 
nates the cells of man, rabbit and guinea pig independently, as 
it seems, of blood groups and largely of the pH of the milieu. 
The other type is a strong anti-A agglutinin, which reacts at 
neutral and alkaline pH values only. Now the question arises 
whether these two types of agglutinin are separable from each 
other or whether they are components of one and the same 
molecule. With the purpose of finding a little more general 
reply to this question the author carried out absorption and 
elution tests with three extracts, which were prepared from the 
seeds of Vicia cracca, Bauhinia purpurea and Phaseolus vulgaris. 
The extract of Bauhinia purpurea agglutinated the cells of 
rabbit as well as, in serum milieu, human MN and'N cells. 
Of the cells examined all but those of cow were agglutinated 
by the extract of Phaseolus vulgaris. 


Crude extracts were used in the tests. They were carried out at room 
temperature using different kinds of washed red cells. In the absorption 
tests the ratios of the volume of the packed cells to that of the extract equalled 
1: 4, 1: 2 and 1: 1. The elution tests were done according to the technique 
of Landsteiner and Miller (91). 


When the Vicia cracca extract was absorbed with A, cells, 
the titre against these cells fell distinctly more than the titre 
against the cells of the blood group O, rabbit or guinea pig. 
If the extract was absorbed with one of these three kinds of 
cells, its titre against them all fell sharply while the titre of 
anti-A remained almost unchanged. Absorption of the Bauhinia 
purpurea extract with human M or N red cells or with the cells 
of rabbit did not appreciably influence the titres against these 
cells. The results obtained by means of the Phaseolus vulgaris 
extract were definite. No matter what kinds of cells were used, 
the titres against all of them fell, but the quality of the remaining 
agglutinins seemed to be the same in all cases. 

The results from the elution experiments were more uniform. 
The eluates, as a rule, were almost identical, qualitatively, with 
the original crude extract. 
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Although the Bauhinia purpurea extract did not agglutinate 
human M cells, these cells when treated with the extract yielded 
an agglutinin, as an eluate, that reacted with the cells of rabbit 
and human N cells like the original extract. A similar eluate was 
obtained from human N corpuscles and the cells of rabbit. 


DISCUSSION 


A possible source of error in the experiments of this chapter 
(as well as in those of the preceding chapter) is faulty identifica- 
tion of plant species by the dispatching garden. In those cases, 
however, where a new blood group specific seed agglutinin was 
found by the present author, the garden concerned was requested 
to send another seed sample of the species in question. Such a 
control sample was generally received and always found to be 
identical with the original. Several samples of a species from 
different gardens were often available containing an identical 
agglutinin. 

Extracts that prove blood group specific when tested in 
saline milieu usually appear as such also in kollidon milieu or 
when tested with papain treated cells as is shown in Table 7. 
Since the titres are generally higher when determined by either 
of these methods than they are in saline, it is possible that 
e.g. the anti-H extract of Laburnum alpinum agglutinates 
papainised A, cells. This does not mean, however, that the extract 
would agglutinate papainised cells unspecifically, as Dufner and 
Matthes (34) believe, for concentrated Laburnum alpinum 
agglutinins cause a clumping of A, cells in saline, too (101). 

Investigators have been intrigued by the nature of plant 
agglutinins, and of those in particular which are blood group 
specific. The majority are of the opinion that they are hardly 
to be regarded as antibodies. The question that remains unsettled 
is whether the blood group specificity of certain plant agglutinins 
is absolute, i.e. whether they react with the same receptors as 
e.g. iso-anti-A or human immune anti-A. 

The answer of Boyd and Shapleigh (25) to this question seems 
to be negative, that of Kriipe (84 p. 43) affirmative. Kabat (63), 
studying the inhibiting effect of both H substance and L-fucose 
on the anti-H agglutinins of eel serum and Lotus tetragonolobus 
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concludes that «the reactive site on the plant hemagglutinin is 
directed to a smaller unit on the blood group substance, perhaps 
an L-fucoside grouping, than is the reactive site on the eel 
anti-O(H)». 

The present author supports the view of Boyd and Shapleigh 
who consider the blood group specificity of plant agglutinins to 
be accidental. On this ground one is tempted to develop Kabat’s 
empirically grounded view still further. An assumption that 
suggests itself is that the reactive site of plant agglutinins in 
general is directed to a smaller unit than is the reactive site 
of animal agglutinins. It is more probable that chance produces a 
configuration complementary to a certain structure RTUT 
than that it does one complementary to another structure 
RTUTVXTYW in which the letters may be thought of as 
corresponding to certain groupings on the red cell surface. 
In the author’s opinion this theory is supported by the fact 
that most plant agglutinins, whether blood group specific or no, 
are neutralised by certain simple sugars (Tables 9—11) whereas 
human agglutinins are not. 

As will be seen from Table 6 there appears to be an almost 
continuous series of extracts from the most exclusively anti-A, 
specific Dolichos biflorus to the most exclusively anti-B specific 
Bandeiraea simplicifolia (Dolichos biflorus, Phaseolus lunatus, 
Vicia cracca, Crotalaria, Caragana frutex var. latifolia, Sophora 
japonica, Coronilla varia, and Bandeiraea simplicifolia). It 
seems improbable that a member of this series would react 
with the same receptor as human anti-A or anti-B. 

For the above reasons the author thinks it improbable that 
the specific receptor of any of the plant agglutinins would be 
exactly similar to that of an isoagglutinin. 

It seems that plant agglutinins do not behave exactly like 
animal agglutinins in absorption and elution tests. This is 
suggested by the poor absorbability of Bauhinia extract and to 
some extent by the contradictory results from the absorption 
and elution tests of Vicia cracca extract. This may also account 
for the somewhat contradictory reports on the separability of 
the anti-A and anti-B agglutinins of Sophora japonica (77, 108, 
80, 143) and also the anti-A and anti-rabbit agglutinins of Vicia 
cracca (80). Kriipe (84) puts more confidence in the results from 
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the elution tests and accordingly concludes that the extracts 
of Sophora japonica and Vicia cracca contain but one agglutinin. 
Similar possibilities are implied by the present author’s results 
from the extracts of Bauhinia purpurea and Phaseolus vulgaris, 
and somewhat similar observations have been made by earlier 
investigators (124, 50). 

This investigation has perhaps thrown light on some useful 
principles, which it pays to observe if the sole purpose is to 
search for new blood group specific plant agglutinins. AB serum 
milieu is likely to be useful because there are blood group 
specific agglutinins that react in serum but not in saline milieu, 
and because the serum neutralises several unspecific agglutinins. 
In the family Leguminosae there are genera such as Acacia, 
Cassia and the whole tribe Trifolieae, in which a are 
not likely to be found. 


Section two: INHIBITION OF AGGLUTINATION 
SURVEY OF LITERATURE 


1. INHIBITION BY NORMAL AND IMMUNE SERUM 


It has been known for a long time that normal serum influences 
agglutination by plant extracts in two ways. The promoting 
influence of the serum was treated in the preceding chapters 
of this paper. The frequent opposite effect was also mentioned. 
Kraus (72) was the first to make a detailed study of the inhibiting 
property of the serum. He came to the conclusion that the 
agglutination of red cells and the precipitation in the serum was 
brought about by one and the same principle in a plant extract. 
After the plant agglutinin had precipitated with the serum 
proteins, the supernatant was no longer capable of agglutinating 
red cells. Kraus’s theory was supported by the tests of 
Landsteiner and Stankovic (88), which showed that the aggluti- 
nins of ricin and abrin are bound by casein, fibrin, serum protein, 
and silk. Subsequent investigations, however, have not confirmed 
Kraus’s theory (120) (See page 17). Instead, many investigators 
have noticed the inhibiting effect of normal serum on several 
plant agglutinins (50, 103, 31). Craeger and Gifford (31) have 
studied this problem more closely and they conclude that of the 
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serum proteins the gamma globulin is primarily instrumental 
in the inhibition of phytagglutination. 

Anti-plant protein sera produced by immunisation are capable 
of inhibiting an agglutination caused by the extracts of the 
plant species whose protein was used in the immunisation. 
Sometimes they inhibit an agglutination caused by closely 
related species, too. 


2. INHIBITION BY BLOOD GROUP SUBSTANCES 


Since Yamakami (150) 1926 observed that human seminal 
fluid and saliva were capable of specific inhibition of isoaggluti- 
nation, various mucins have been found to possess blood group 
specific activity. In fact, ability of substances similar to those 
mentioned above to neutralise the action of crotin, abrin and 
ricin on red cells was known much earlier (59, 97, 90, 119). 
These substances were derived from sources very similar to 
those from which the present blood group substances are 
obtained. 

The investigators mentioned above did not succeed in identi- 
fying the substance that inhibited the action of crotin, abrin and 
ricin. The matter was soon forgotten, and it was not until after 
the blood group specific agglutinins had been found that fresh 
interest was shown in the inhibition of phytagglutination by 
mucins. Kriipe (75) and Koulumies (71) were the first to 
show that soluble blood group substances neutralise the anti-H 
agglutinin of Laburnum alpinum, Lotus tetragonolobus and 
Cytisus sessilifolius. Morgan and Watkins (108) have carried out 
extensive studies, in which they have used blood group 
substances from different sources. Agglutination by all the blood 
group specific plant agglutinins examined was inhibited by the 
corresponding blood group substances. The agglutinins of 
Sophora japonica that are known to agglutinate A and B cells 
strongly were inhibited by both A and B substances. Quantitative 
differences occurred all the same, thus the anti-H agglutinin of 
- Lotus tetragonolobus was neutralised by the H substance much 
* more poorly than was the anti-H of Cytisus sessilifolius. Kriipe 
(84) found that some unspecific plant agglutinins, too, were 
neutralised by blood group substances. Kriipe (82) found that, 
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like the incomplete isoagglutinins, the incomplete plant aggluti- 
nins as well are far less easily neutralised by soluble blood 
group substances than are the complete plant agglutinins. 

Tétry et coll. (1441, 142) reported that by absorption with a 
suitable saliva they had managed to prepare blood group 
specific reagents from fungous extracts that had agglutinated 
almost unspecifically to start with. In one case the saliva even 
of a nonsecretor was usable for this purpose. 

Substances capable of neutralising anti-A, anti-B and anti-H 
of different origins have been discovered by Springer (136, 137, 
138) in different parts of Taxus cuspidata and some other plants. 
Springer (138) and Kriipe (84) have noticed that some plant 
agglutinins, too, are neutralised by the extracts of Taxus 
cuspidata. 


3. INHIBITION BY SIMPLE SUGARS 


The classic experiments of Landsteiner (92) proved that very 
simple substances are capable of acting as the determining 
groups of antigens. It has also been known for a long time that 
a substance of low molecular weight whose molecule contains 
the determining group of an antigen may neutralise an immune 
serum produced by means of the antigen (3). 

In 1952 Watkins and Morgan (145) showed first that simple 
sugars are capable of neutralising normal agglutinins. The 
anti-H agglutinin that occurs in the serum of eel was neutralised 
by L-fucose and some stucturally related compounds. Actually 
as early as 1936 it was noticed by Sumner and Howell (140) 
that agglutination by concanavalin A, a seed globulin, was 
inhibited by cane sugar. The causes of the inhibition were not 
studied, however. 

The observation of Watkins and Morgan was of great impor- 
tance, because an obvious explanation of the phenomenon was 
that the sugars whose structure most closely resembles the 
specific groups of a red cell receptor attach themselves to the 
active sites of the agglutinin thus blocking them. Subsequent 
investigations have shown, however, that simple sugars inhibit 
only few animal agglutinins with the exception of these hetero- 
logous anti-H agglutinins. 
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Thanks to the investigations of Morgan and Watkins (108) and 
Kriipe (83, 84) information is available at present about the 
neutralisation of many blood group specific plant agglutinins 
by different kinds of sugars, amino acids and polysaccharides 
including those which are known to be integral parts of blood 
group substances. All amino acids examined have been found 
to be inactive, which is also true of most polysaccharides. Several 
simple sugars, on the contrary, have turned out to be capable 
of neutralising different plant agglutinins. 

Agglutination-inhibition experiments have shown that anti-H 
reagents from different sources are of two kinds. Morgan and 
Watkins (108) found that the anti-H agglutinin of Lotus 
tetragonolobus was inhibited by small amounts of L-fucose, 
unlike the anti-H agglutinins of Cytisus sessilifolius and Labur- 
num alpinum. Kriipe (83) found later that salicin neutralised 
many agglutinins of the latter group but not those of eel serum 
and Lotus tetragonolobus. 

The plant agglutinins showing anti-A specificity were found to 
be neutralised by N-acetylgalactosamine though this substance 
was needed in a much greater quantity than L-fucose to inhibit 
agglutination by Lotus tetragonolobus extract. 

The agglutinins of Sophora japonica and Coronilla varia, too, 
that reacted with both A and B cells were inhibited by N-acetyl- 
galactosamine. This fact is of some interest, because N-acetyl- 
galactosamine is present in the hydrolysates of blood group A 
substance, while much smaller amounts can be split from O 
substance and only traces from B substance (63). These two 
plant agglutinins were also inhibited by some other sugars, e.g. 
D-galactose (known to be an integral part of human blood 
group substances) and lactose. None of the plant agglutinins 
showing anti-A or anti-B specificity was affected by L-fucose, 
and so Kabat (63) believed that this sugar is hardly a major 
factor in A and B specificity. Although N-acetylglucosamine 
is an integral part of human blood group substances, none 
of the blood group specific plant agglutinins was neutralised 
by it. 

The remarkable affinity of sugars for the active groups of 
plant agglutinins is illustrated by the fact that if a proper kind 
of sugar is added to a mixture of plant extract and red cells 
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showing visible agglutinates, the cell aggregates disintegrate 


almost at once (84). 
Also such plant agglutinins as show no human blood group 


specificity are neutralised by various sugars (83, 84). The 
amounts of sugar necessary are, as a rule, greater than those 
of L-fucose, N-acetylgalactosamine and D-galactose needed to 
inhibit agglutination by blood group specific plant agglutinins. 
To the best of the author’s knowledge no studies have been 
published concerning the inhibition by simple sugars of the 
precipitation of blood group substances with seed extracts. 


OWN INVESTIGATIONS 
1, MATERIAL AND METHODS 


Experiments on the inhibition by normal human serum of seed agglutinins 
were carried out automatically in the tests of Chapter II. Discussion of the 
results is continued in this chapter. Actual inhibition tests were all carried 
out as follows. 

A solution of a given plant agglutinin and the substance to be examined 
were mixed and the red cell suspension was added to the mixture. If an 
agglutination did not follow, the substance could be said to be capable of 
inhibiting an agglutination by the seed extract as the conditions were under 
control. 

The tests were so arranged that the amount of agglutinin was constant, 
with the final agglutination mixture containing approximately four times 
the minimum amount of agglutinins needed for an agglutination to take 
place. The total volume of the reaction mixture and the red cell concentration 
were also kept constant. The concentration of the substance to be studied 
decreased in geometric progression, the ratio of whose consecutive terms 
was 1/2. In this way inhibition titres were obtained for the different 
substances. 

Both blood group specific and unspecific extracts were used as the material. 

Specimens of the latter group were chosen so that as many genera and 
tribes as possible might be represented. 

Human red cells of the various blood groups were used in the main, but 
also the red cells of some animals. 

The tests were carried out at room temperature. Of the plant extract 
diluted in 0.9 % NaCl solution, 0.1 ccm followed by 0.1 cem of the substance 
to be studied in 0.9 % NaCl solution was put in test tubes. The substances 
were mixed and 0.1 ccm of 3 % red cell suspension in 0.9 % NaCl solution 
was added after half an hour. When it was desired to examine the inhibition 
of the indirect agglutination, the plant extract was diluted in AB serum, 
in which also the red cells were suspended. Accordingly, the serum concentra- 
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tion of the final solution was approximately 2/3. In some cases also papain 


treated cells were used. 
Two groups of substances were studied with regard to their capability 


of inhibiting phytagglutination: 

The blood group substances: 

— The salivas of secretors belonging to the blood groups A,, B 
and O; and of a nonsecretor belonging to the blood group O. A 
dilution 1: 4 was used as a stock solution. 

— A solution of blood group substances supplied by the firm of 
Sharp & Dohme, Philadelphia, Pa. U.S.A. It was derived from 
pig and horse gastric mucosa and contained A, B and H substances. 
Further on in this paper it will be referred to as «blood group 
substance». 

Following simple sugars and related substances: 
N-acetyl-D-galactosamine, galactosamine, D-galactose, lactose, 
melibiose, raffinose, L-galactose, N-acetylglucosamine, D-glucose, 
maltose, sucrose, salicin, D-mannose, D-fructose, L-sorbose, L-rham- 
nose, L-fucose, D-digitoxose, L-arabinose, D-arabinose, D-ribose, 
xylose, sorbitol, mannitol, dulcitol, and inositol. 

N-acetylglucosamine was received from Heyl & Co., Berlin, Germany; 

N-acetylgalactosamine and galactosamine from Serva Entwicklungslabor., 
Heidelberg, Germany. The rest of the substances were obtained by the 


suppliers without difficulty. 
A 2% stock solution in 0.9% NaCl was prepared of these substances, 
each, with the exception of N-acetyl-D-galactosamine, the initial concentra- 


tion of which was 0.2 %. 


2. INHIBITION BY NORMAL SERUM 


As will be seen from the principal Table 5 in Chapter II, the 
agglutination of human red cells by many seed extracts is 
inhibited by human serum. The titres of the Vicia extracts for 
instance may be 1/32 in saline milieu, whereas in 67 % serum 
agglutination will not be brought about even by the undiluted 
extract tested with the same cells. The author did not encounter 
marked differences in the agglutination-inhibiting power between 
the sera of various adults. | 

The serum does not seem to inhibit the blood group specific 
agglutinins. The extract of Vicia dumetorum, for example, 
behaves in an interesting manner. In saline milieu it agglutinates 
all human red cells the titre being 1/8. As the serum content of 
the reaction milieu is increased, the agglutination of B and O 
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cells weakens, but that of A cells becomes stronger until, in the 
67 % serum, A, cells are agglutinated at a dilution of 1/64 but 
B and O cells not at all. 


3. INHIBITION BY BLOOD GROUP SUBSTANCES AND SIMPLE SUGARS 


The results from the inhibition experiments are presented 
in Tables 9—11. Of the examined carbohydrates all four poly- 
hydric alcohols, sorbitol, mannitol, dulcitol, and inositol, as well 
as the pentoses D-ribose and xylose were totally incapable of 
inhibiting an agglutination in the concentration 1:50. These 
findings are not included in the tables. 

None of the anti-N specific agglutinins studied (Bauhinia 
candicans, Bauhinia purpurea, Vicia leganyana) was inhibited 
by any of the substances examined. The same is true of the 
examined hemolysing extracts Albizzia stipulata, Medicago 
rigidula and Dolichos falcata. These findings are not included 
in the tables. 

The results from the tests carried out by means of anti-A, 
anti-B and anti-A+B specific agglutinins are given in Table 9. 
With one exception the agglutination of A, cells by anti-A 
specific plant agglutinins studied was inhibited by the commercial 
blood group substance and the saliva of an A, secretor. 

None of them were neutralised by other salivas. Most of these 
agglutinins were inhibited by N-acetyl-D-galactosamine. 
D-galactose and oligosaccharides containing D-galactose seem 
to inhibit some of the anti-A specific plant agglutinins slightly. 
(All the studied oligosaccharides containing D-galactose were 
galactosides.) The anti-A agglutinin of Vicia dumetorum, which 
only shows this specificity in serum milieu, was not inhibited 
by soluble blood group substances or sugars. 

The agglutination of B cells by the anti-B specific extract 
made from Bandeiraea simplicifolia seeds harvested a year 
before was inhibited by B substance, N-acetyl-D-galactosamine, 
galactosamine, D-galactose, and oligosaccharides containing 
D-galactose (galactosides), moreover, by L-rhamnose and 
L-arabinose. Almost the same is true of the agglutination of 
cow and rabbit erythrocytes by the extract. 

Plant agglutinins of the type anti-A+B constitute a group 
that is diverse botanically and also serologically, to some degree, 
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for some of them cause a stronger agglutination of A cells, 
others of B cells. In agglutination-inhibition tests the reactions 
of the group were more homogeneous. The agglutination of A 
and B cells was inhibited by D-galactose and/or compounds 
containing this sugar. In many cases it was inhibited by L-arab- 
inose, too. 

The inhibition of these agglutinins by blood group substances 
is of interest. The agglutination of A, and B cells is frequently 
inhibited by both A and B substances. This does not seem to 
apply to the agglutinins of Vigna catjang and Dolichos lablab. 
The agglutination of A, cells is inhibited by A substance, that 
of B cells by B ssilialianie, only. 

The results from the inhibition experiments with anti-H 
specific plant agglutinins are given in Table 10. They indicate 
that the anti-H agglutinins of the genus Virgilia and the tribe 
Genisteae (Cytisus, Genista, Laburnum, Petteria, Ulex) are 
inhibited by H substance and by salicin. The agglutinins of the 
genus Ulex are, moreover, neutralised by L-fucose. Most of 
the other anti-H agglutinins of the tribe Genisteae are inhibited 
by lactose. The anti-H agglutinins of Lotus tetragonolobus and 
Lotus siliquosus, on the other hand, are less rondily inhibited 
by H substance but strongly by L-fucose. 

Table 11 shows the results from inhibition tests carried out t by 
such extracts as do not agglutinate human red cells selectively, 
as well as from tests that were done with blood group specific 
extracts using animal red cells or a method by which specificity 
is not manifested. Thus the table shows the results from the 
inhibition tests in which anti-A specific Vicia cracea extract was 
used against the cells of rabbit as well as from tests in which 
anti-A specific Vicia dumetorum extract was used against A, 
cells in saline milieu. This was done because the anti-A nneillbiiey 
of the extract does not become manifest in saline milieu. The 
plant species are grouped according to the taxonomic system 
and in such a way that the results from a given extract using 
different kinds of red cells are presented in succession. The 
table is lengthy and shows that many «unspecific» plant agglu- 
tinins are inhibited by the examined substances. The results 
will be treated in the discussion of this chapter. 
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DISCUSSION 


When the results from the tests of this chapter are studied, 
it will be noticed that the initial and final concentrations of the 
substances inhibiting agglutination are not very wide apart. 
In the case of the sugars the highest concentration studied was 
generally but 2—16 times the final inhibiting concentration. 
Almost the same is true of the inhibiting power of the salivas. 
It is possible, admittedly, that some sugars which now proved 
inactive would have inhibited the agglutination by some of the 
extracts if the initial concentration had been higher. As several 
of the sugars, however, were rather expensive and because 
undiluted saliva would have changed the viscosity of the 
solutions, the arrangement described above was decided upon. 

The results are in agreement, by and large, with the results 
obtained by other investigators (108, 84). The inhibition titres 
of N-acetyl-D-galactosamine are lower, on an average, in the 
present investigation than they are in other authors. 

The present author’s results show that also many incomplete 
agglutinins are inhibited by blood group substances and simple 
sugars. The anti-A agglutinin of Vicia dumetorum, however, 
only demonstrable in serum milieu, was not inhibited by any 
of the studied substances. 

The present author’s results indicate that human saliva 
contains a substance that is capable of inhibiting plant aggluti- 
nins and which is secreted by both secretors and nonsecretors. 
This substance apparently does not inhibit blood group specific 
plant agglutinins while it inhibits many other plant agglutinins. 
By studying the ability of 50 samples of human saliva to inhibit 
an agglutination of human O cells caused by unspecific Lathyrus 
latifolius and Pisum Jomardi seed extracts quantitative 
differences were found between the samples. They did not relate 
clearly to the donor’s secretor type (101). 

The identity of the substance in question with Le* substance 
is not excluded but seems improbable. The commercial mixture 
of the blood group substances A, B and H derived from hog and 
horse gastric mucosa does not seem to contain detectable 
amounts of this substance because many seed extracts were 
inhibited by saliva but not by the mixture. 
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Tétry et coll. (142) report that the extract from the fungus 
Xylaria polymorpha, an originally unspecific agglutinant of 
human red cells, agglutinated only O and A, cells, and B cells 
weakly after it had been absorbed with any saliva. The saliva 
of a nonsecretor, however, was less effective for this purpose 
than that of a secretor. This observation has not been confirmed 
as far as the present author knows. The seed extract of Vicia 
nana whose titre against human erythrocytes fell noticeably 
after an absorption with both secretor and nonsecretor saliva, 
agglutinated the cells unspecifically even after the absorption 
(101). 

Both Morgan and Watkins (108) as well as Kriipe (84) suggest 
that the nature of the substituents in the carbon atoms 3 and 
4 is of importance to the capability of sugars of inhibiting 
agglutinins. Changes in these substituents resulted in definitely 
changed activity of the sugar, which did not necessarily follow 
changes in the substituents of the carbon atoms 2 and 6. 


Fig. 3. — Showing the four patterns possible in the placement of hydroxyl 
groups in the carbon atoms 3 and 4 of (aldo)pyranoses 


1 2 
5 O OH fe) 
| 
H 
OH 


4 
fe) 
OH | 
OH 
Aldopyranoses are divisible into 4 groups according as the 
hydrogen atoms and hydroxyl groups are arranged in the 


carbon atoms 3 and 4 (Fig. 3). Kriipe (84) has noticed that 
the more strongly inhibiting sugars all belong to the groups 
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1 and 2 of the figure. He says that many sugars of the group 1 
(L-galactose, L-fucose, D-digitoxose and D-arabinose) inhibit 
anti-H extracts and those of the group 2, such as D-galactose 
and L-arabinose, inhibit anti-B extracts (anti-A+B extracts 
from Sophora japonica and Coronilla varia). 

The results from this investigation show that the sugars also 
of the group 3 of Fig. 3 (D-glucose and D-mannose as well 
as D-fructose which, although a ketose, has a similar pyranose 
ring) strongly inhibit plant agglutinins of types, it is true, 
different from those mentioned in the preceding paragraph. 
Indeed, most of the «unspecific» agglutinins of Table 11 seem to 
belong to one of three groups: those which are inhibited by the 
sugars of the 2nd group or 3rd group of Fig. 3, or those which 
are inhibited by none of the studied sugars. 

The author’s results obtained from thus far unexamined 
plant species confirm the observation of Morgan and Watkins 
(108) as well as of Kriipe (83) that anti-A+B specific plant 
agglutinins are inhibited by N-acetyl-D-galactosamine, D- 
galactose (and galactosides). Many of these agglutinins are 
inhibited by the structurally related L-arabinose, too. The 
most purely anti-B specific Bandeiraea simplicifolia, too, belongs 
to the same category. It has been found that also the precipi- 
tation of animal anti-B by B substance is inhibited by N-acetyl- 
D-galactosamine, D-galactose and some galactosides (61, 62). 

In the preceding chapter the author came to the conclusion 
that in many, if not all, plant agglutinins, the active groups, 
which react with different kinds of red cells, are all in the same 
molecule. The question that still remains is whether these active 
groups are identical or not. Kriipe (84) seems to adopt the 
former view. On page 53 of his monograph he concludes that 
both human A cells and the cells of rabbit, guinea pig and hog 
possess a common partial antigen reactive with the agglutinin 
of Vicia cracca. 

Agglutination-inhibition experiments on an extract by means 
of different kinds of cells may provide an answer to this question. 
It will be seen from Table 11 e.g. that the agglutination of the 
red cells of rabbit by the seed extracts of Sophora japonica 
and Coronilla varia is inhibited by the same compounds as the 
agglutination of the A, and B cells caused by the same extracts. 


| 
| 


124 


It would be possible to quote still other examples of this kind. 
Kriipe’s theory seems to apply to these cases. 

It seems, however, that Kriipe’s theory does not hold true of 
absolutely all cases. In Chapter I of this investigation it was 
already observed that in an acid solution the anti-A agglutinin 
of Vicia cracca reacts very poorly, while the anti-rabbit and 
anti-guinea pig agglutinins of the same extract react well. 
Thus one is inclined to surmise that there may be two kinds of 
active groupings in the agglutinin molecule of Vicia cracca: 
anti-A groupings and anti-rabbit-+ guinea pig (-+-man) groupings. 
This view is supported by the results from the agglutination- 
inhibition tests. Agglutination of A, cells by Vicia cracca extract 
is inhibited by A substance and N-acetyl-D-galactosamine, 
while agglutination by the same extract of human O, rabbit 
and guinea pig red cells is inhibited by all types of human 
saliva, including the nonsecretor type, and by the sugars of the 
group 3 of Fig. 3. The anti-man+rabbit+ guinea pig agglutinin 
accordingly seems to be identical with the common unspecific 
Vicia agglutinins. 

The results given in Tables 5 and 11 allow one to conclude 
that the red cells of rabbit contain at least two different such 
receptors as react with different plant agglutinins. There are 
seed extracts that agglutinate the red cells of rabbit but not 
those of guinea pig, and the agglutinin is inhibited by D-galactose 
and D-galactosides. This group seems to comprise the anti-rabbit 
agglutinins e.g. of the genera Bandeiraea, Sophora, Crotalaria, 
Cytisus, Caragana, and Coronilla. Most of these extracts contain 
also anti-A+B or anti-B agglutinins. There are such extracts, 
too, as agglutinate besides the red cells of rabbit, also the cells 
of man and guinea pig; and the agglutination is inhibited by 
the sugars of the 3rd group of Fig. 3. The agglutinins of the 
genera Lathyrus, Lens, Pisum, Vicia, and perhaps Parkia 
belong to this group. 

The observation of the cognate properties of the agglutinogens 
of human B red cells and the red cells of rabbit is in agreement 
with the corresponding findings made in 1933 by Friedenreich and 
With (52). It is interesting that the most purely anti-B specific 
plant extract from the seeds of Bandeiraea simplicifolia aggluti- 
nates, in addition to the cells of rabbit, also those of cow, and 
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that the agglutination of all three kinds of cells is inhibited by 
B substance but not by A or H substance. Both anti-B and 
anti-cow agglutinins are probably scarce in the vegetable 
kingdom. 

Endeavours to improve the specificity of plant extracts by 
means of red cell absorption have seldom yielded satisfactory 
results. This stands to reason if the extracts contain agglutinin 
molecules of only one kind. The findings of this chapter maybe 
offer a different means of increasing the specificity. If an agglu- 
tinin molecule contains prosthetic groups of more than one kind, 
it may be possible to saturate some of them with soluble sub- 
stances so that receptors of only one kind remain active. 

Indeed, this has been accomplished (101). In saline milieu an 
extract made from newly harvested seeds of Bandeiraea simplici- 
folia agglutinated, besides both human B red cells and the cells 
of cow and rabbit, human A, cells, too. Agglutination tests that 
were done using a cell suspension that contained 2 % sucrose 
and 0.9 % NaCl showed agglutination of B cells by the same 
extract at the final dilution of 1/128. A, cells were not 
agglutinated by the extract at all. 
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SUMMARY 


The hemagglutinins of 1408 seed samples representing 743 
plant species and 165 genera, all of the family Leguminosae, 
were studied in the present investigation. 

At first, the effects of physical and chemical factors on 
phytagglutination were examined by means of a few seed 
samples. It was found that changes in temperature between 
+4° and +37°C had no appreciable effect, which was also true 
of changes in hydrogen ion concentration between pH 4.5 and 
pH 11.0, as a rule. Agglutination by the seed extracts often did 
not take place in a milieu poor in electrolytes and was weak at 
best. The agglutination titre of all extracts rose when the 
NaCl concentration was raised until molarity 0.15 (0.9 %) was 
reached. A further rise in the salt concentration up to molarity 
0.8 (4.5 %) was accompanied by a fall in the agglutination titre; 
still further rise in the concentration entailed a new rise also in 
the titre. The causes of this phenomenon are discussed. 

Different methods for detecting incomplete plant agglutinins 
were compared by means of two seed extracts. Agglutination in 
human AB serum was found to be particularly suitable for this 
purpose. 

In the mass investigation of the seed samples the red cells of 
man, cow, sheep, rabbit, guinea pig, and chicken were used: 
All the samples were examined by means of human red cells, 
and approximately two thirds of them by using the other red 
cells, too. The cells of the animals were tested in saline milieu 
only. 

Agglutination of the human cells was studied also in human 
AB serum milieu, and usually in kollidon (polyvinylpyrrolidon) 
milieu and in addition with papain treated cells in saline solution. 

The seed extracts were each examined by using the red cells of 
several people in order that selectively agglutinating specimens 
might be found. The samples of blood had been chosen so as to 
be likely to detect a possible ABO, MN, Ss, Pp, or Le* Le? 
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blood group specificity. The animal species were represented 
by one individual each. 

The results seem to indicate that incomplete seed agglutinins, 
true to the type, are rare, though the kollidon and enzyme 
treatment methods usually gave higher titres than the saline 
method. The agglutination by some extracts was clearly 
promoted by serum, while that by certain others was strongly 
inhibited by it. The former extracts were often blood group 
specific, the latter invariably unspecific. 

Samples representing approx. 35 % of the 743 species examined 
by the author proved agglutinative. The occurrence of seed 
agglutinins in the family Leguminosae seems in some extent to 
correlate with the taxonomic system of plants. There are genera 
totally devoid of them and there are others in which the occur- 
rence is as good as the rule. In like manner the agglutinins of the 
samples of a given genus or species seem to show mutual 
resemblance as regards their serological properties. There are 
exceptions to this rule, however. 

In general the studied seed agglutinins were species specific 
to some degree at least. Samples that were found to agglutinate 
human red cells selectively, represented 69 species. Of these 11 
belonged to the group anti-A, 8 to the group anti-A+B, 1 to 
the group anti-B, 41 to the group anti-H, and 8 to the group 
anti-N. Part of the anti-H and all of the anti-N extracts were 
rather weak. Except the anti-N agglutinin of Vicia graminea, 
the anti-N agglutinins were active only in serum milieu and they 
are hardly usable in routine work. The anti-A (anti-A,) of 
Amphicarpaea species and the anti-B of Bandeiraea simplicifolia 
may be of use in routine work. 

The agglutination-inhibition and elution experiments seem 
to prove that prosthetic groups of only one kind are usually 
contained in a given plant extract. They react with a receptor 
common to the red cells of different animal species. Of 
the exceptions Vicia cracca extract may be taken as an 
example. Evidently different prosthetic groups act in the anti-A 
agglutination on the one hand, and in the anti-man-+rabbit+ 
guinea pig on ‘the other. These two groups were never- 
theless inseparable being probably parts of one and the same 
molecule. 
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A method is suggested to improve the blood group specificity 
of plant extracts that contain prosthetic groups of more than 
one kind. In these cases it seems to be possible to saturate 
some of them with soluble inhibiting substances so that receptors 
of only one kind remain active. 

It seems improbable that the specific receptor of any of the 
plant agglutinins would be exactly similar to that of an isoagglu- 
tinin. According to the author’s opinion the red cell receptors 
reactive with plant agglutinins are generally less complex than 
those reactive with animal agglutinins. 

The results confirm the earlier opinion that in the inhi- 
bition of phytagglutination the placement of the substituents 
in the carbon atoms 3 and 4 of aldoses is of deciding importance. 

A substance was found which is secreted in the salivas of 
both secretors and nonsecretors capable of inhibiting certain 
seed agglutinins. This substance did not inhibit the agglutination 
by blood group specific seed extracts. The identity of this 
substance with Le* substance is not excluded but seems improb- 
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